Hierarchical Large-scale Volume Representation with  ³√2 Subdivision and Trivariate B-spline Wavelets by Linsen, Lars et al.
UC Davis
IDAV Publications
Title
Hierarchical Large-scale Volume Representation with  ³√2 Subdivision and Trivariate B-
spline Wavelets
Permalink
https://escholarship.org/uc/item/77m3420v
Authors
Linsen, Lars
Gray, Jevan
Pascucci, Valerio
et al.
Publication Date
2004
 
Peer reviewed
eScholarship.org Powered by the California Digital Library
University of California
 	

	ﬀ
ﬂﬁﬃ "!#$
%&(')ﬀ(*,+ﬀ-+ﬃ,*/.01+2 3
4 576
!8:9;<=2ﬃ,*>*)9
?
@<A	@-+ﬀCBDﬀ'"*)FE <,(G+2
HJILKNMGHPORQSMUTQWVYXSZ[T"\YILQ)]A^_-K`IbaSVcXSd@ILeRTK`OgfihI[M`jkSj"jOmlYXSn;I[KUoqp^SrskSjNtSILORQuTcILkSl[X
vwT"KUQx=ysILz{ILQuQ|VbXSI[QSx=}AT"QuQuT~Ut)1^SZfYauV
{ﬀNY`@mwŁ""PYN`",ŁYN1,ﬀc	[,ﬀŁJŁ
 
N	NYJﬀc	`w¡LNNN
¢
£c`¤¥"J2¦R"gL§
 
1£L
¨Y©b©cªP«¬b¬"­b®Y¯ªb¨°b±c²W³±b²W³µ´±¶L¯"·L°b²W³¸c¶b´L¬
¦¦Nº¹11£LN» N§º¼N¥½U§¿¾""§½1¥¿À"¹`N» 11£LN» 1
Á=ﬀNY`@mÂ¦1,¡[NNY¤Ã¿(ﬀ"	[,2Â¡
 
A¡[NNN(Äwc
Å
NÆNN
Å
£b`	ÇG"¿¦
Å
"Èº""¥Y§
Å
£b`	
¨Y©b©cªP«¬b¬ÉbÉcÉJ³ÊbÊËLÊ|³­LÌ"·Y¬Y±c¯Y²b±"¬
¼"NNNÎÍc§¿¾¿1ÍÀ¹¦¦¦Î» "£
ÏSÐÒÑ)Ñ=ÓÔÕ¿Ös×
¦¤`c¦c-	`¾L[W£Lﬀ	1Sm"Ò`NNYwwÒ-¦¤Ø
¦s¦N£bN¦GU"¦Î»SÙ2¾`¥Ús¥[N"¦¦¤¥{È¿1Ú"Û¾`U¾1"¦JbÜ1"
¾`	"¿iu¦NwN1[1,mA£c¦Nc	"»[Ý)(A"cØ
Ü1c¾¿22È"1	cÆ@¾¿ﬀÆﬀ1¦¦ Þ
ß à
Èu£L"§YÆ@¾Uáiﬀ¾[	`c"
¾`1»bÙ2¾2-c[£cLc,Þ
ß à
Èu[£[cS§c`c	¿1(GâLcLNGÎá,ã
à

Y`N Îá;ãåäcw"c"ÜNcN§|¾¿G¾sL-ÈºU2£b`N`c¦¤¥Ú[cÈ¦1Ú
N"¾æÈu£L":`æ1c;"w-¦¦1)ÈY¥)qm"`	"
à"ç
§ÒÎ»c»§Òmc[	"-Nc¾Y1§
`ºN`£bN¦¤¥Y»[ÙW(uG£c¦NﬀÆﬀáºØ£cgèéØ¦Æ1£bN¦`N§LÆ@¾¾¥N¦
ÈºU`é"[1ê"ÒmﬀN"¾A¦N£bN¦["S[`"¦Î»cÝÛ@N£b`¦"	¦¤R¾N	ém"éá,ã
à
¿AáiãäGÈ"1A"A¾ëÞ
ß
à
ØÈu£L"	U¾N	c»cÝÛcÈ["¿1Æë"ìLÒ¾¿éØ
£LsÈ¿"@m"Ø"gØ`"N¾âY`@"@Æ2N¦¦|w£L`ÆØ`ºN¿[NY£L"¦Ü1"=¿
"£bc§¦Y1"¦ÜN1,`ÃN	`L1»
íîïðºñuòósô(õWðuöòï
nkueg~UORKUTcMfegkº~`OgfQM`jNtuTziT"MﬀILK`T@kSMUT"xOgQ jf[zi÷uku~UTKﬀø[KNIL÷StuORj"MPz{ILORQueRaAùµf[KéT"xºOg~UORQuøAILQSx
KUT"QSxºTK`ORQuøjkuK`\[TcM@ILQx{MkuKUùI[jT"M@IL~zkSe~`Og÷ueRT(eRT\TemMfLùPK`T"MUf[eRkº~`OgfQP^LúûtuORegT(z,fM~wTü¿ý
ORM~UORQuø	MUjNtSTziT"M2jfkuemxÒXYOgQ,÷uK`OgQjOR÷uegTXYþTøTQuT"K`I[egORßTcxAùµf[KtSOgøtuTKUýxuOgziTQMORf[QSI[exSIY~`ISX
f[QueRaIiùµT  tSIb\TþWTTQæTü¿~UT"QSxºT"x~Uf=xSIY~`Iµf[KsùµkuQSj~UORf[QSMxuTSQuTcxfY\[T"K~UtSKUT"TýGf[K
T\[T"QqtuORø[tuT"KýxºORziTQSMUOgfQSILexºf[z{ILORQSM"^]GtuTAjfzþuORQuTcx{Mkuþ|xºOR\¿ORMUOgfQºý Ib\TeRT~M`jNtuTziT
 wT,ILK`TxºT"M`jK`ORþuOgQSøqOgQæ~UtuOmM-÷SIL÷WTKsORM-xºK`Og\TQ;þ¿aÛ~UtST QuT"T"x)~`fÚK`T÷uK`T"MUTQ~~`KUOR\YILK`ORIL~UT
xuIY~NI	f[KGùµkuQj1~UORf[QM
GIL~zkueg~UOR÷ueRT	KUTcMfegkº~`OgfQÚeRT\TemMùµf[KM`jORTQ~UOjA\¿ORMUkSI[egORß"IL~UORf[QP^
T÷uK`T"MUTQ~`OgQuø:\[fegkuziTÛxuIY~NIætuORTKNILKNjNtuOmjI[egeRa:OmM,Ogzi÷Wf[KU~`I[Q~,OgQ ~UtSTÛjf[Q~UTü~ifLù

\[fegkSz,Tz,fºxºT"egORQuøqILQSx;\OmMUkSILeROgß"OgQSø{\[f[eRkuziT xSIY~`ISXST^ ø^gXWMUj"ILemILKfK(\[Tcj1~`f[KTemxuM
xºTSQST"x	fY\TKP\f[eRkuziT~UK`Omj@xºf[z{I[OgQSM"^cd(OmMkSI[egORßORQuøORQutuT"KUT"Q~UeRas~`KUOR\YILK`ORIL~UT÷utSTQufz,T"QSI
àÅ

Å
N,`"¦Î»
fLùÎ~UT"QKUT kuOgK`T"MGfQuTA~Uf=IL÷u÷ueRaÚK`TQxºTK`OgQSø,f÷T"K`IL~UORf[QSM~`fq\[fegkSz,T~UK`ORjAxuIL~`I,ýTüuILz,ý
÷uegTcMAþT"OgQSø=\f[eRkuziT,MUegOmjORQuøÛ\¿ORIÛI)jkº~U~UORQuø)÷ueRI[QuT[X|OmMfMkSKùIjTTü¿~UKNI[j1~`OgfQ;~`tuKUfkuø[t
ziI[K`jNtSOgQuø[ýjkuþWT"MýeROgoTILeRø[fKUOg~UtSziM"X"I[QSxKNIba	jIM~`OgQuø^c]GtSTwz kue~`OgK`T"MUf[eRkº~`OgfQ IL÷S÷uKUfbü¿ý
Ogz{IY~`OgfQÛI[÷u÷uK`fIjNt  wT	xºTcMUjKUORþWTsORQÛ~UtuOmMG÷SIL÷WTK÷SKUfY\¿OmxºT"MILQÛTeRTøILQ~ziTcILQSMGf[ùétuOgý
TKNILKNjNtuORj"ILeRegaÚf[K`øILQSOgß"OgQuø{\f[eRkuziTxuIL~`IuX|ILQx  wT,jILQkMT~UtuT KUTcMkueg~UORQuøqtSOgT"K`I[K`jNt¿a
~UfqIL÷S÷uegaq~UfiO~NM\YILK`OgfkSMegT"\[T"eRMG\f[eRkuziTAxSIY~`I,\¿OmMkSI[egORß"IL~UORf[QÛziT~UtSf¿xSM^
ú:T jfzþuORQuT;~`tuT
Þ
 
ýMUkuþWxuOg\¿OmMORf[Q tSOgT"K`I[K`jNt¿a  O~`tåku÷|xuIY~`T:K`kueRT"M=kSMUOgQuø|ý
\bI[KUOmIY~`T	výMU÷uegORQuT  GIb\[TeRT~NMw~Uf{øI[OgQÛILQ|ýxºOgziT"QSMORf[QILe|zkueg~UORK`T"MUf[eRkº~UORf[Q)xuIY~NIiKUT"÷ºý
KUTcMT"Q~NIY~`OgfQP^Snkueg~UORK`T"MUf[eRkº~UORf[QæM`jNtuT"z,TcMtSIb\TþT"TQæM~UkxºOgTcxTü¿~`TQSMUOg\TeRa=fY\TK~`tuT
÷SI[M~ xºTcjI[xuT[^ép MkSKU\Ta;f[ù~UtuTqz{I[OgQz kueg~UORKUTcMfegkº~`OgfQ IL÷u÷uK`fIjNtuT"M"XPjfQSMUORxºT"KUORQuø
ILemMf ~Uf÷fegfø[OmjILeÒjf[QSM~UKNILORQ~`M"XOmMGø[OR\[T"Q=þ¿aÚ}AfþuþWTeg~
		^S]GtST"MUTAI[÷u÷uK`fIjNtuT"MjI[QPX
ùµf[K@TüºI[zi÷uegTXYþT(kSMTcx ùµf[KI-zkSe~`OgK`T"MUf[eRkº~UORf[QiK`T÷uK`T"MUTQ~NIY~UORf[Q fLù|ORMUfMUkuKUùI[jT"M"^Lyf  Gý
T\[T"K"X  tuTQ jf[QSMUOmxºTK`OgQSø µþuORfLý ziT"xuORj"ILe-Ogz{ILøOgQSøxuIY~NIuX@ùµfKÚORQSM~`ILQjT[X  T;zkSM~
þT ILþueRT ~Uf M  Og~`jNt kSORjNo¿eRa þWT~  TT"QOmMfMkSKùIjT"MëjfKUK`T"MU÷Wf[QSxºORQuøû~`f xuO|TK`TQ~
ORMUfY\YILeRkuT"M"XILQSx  tuTQûjfQSMUORxºT"KUORQuøXJùµfK{TüuILzi÷ueRT[X2Q¿kuziTK`ORj"ILeRegaMUORzkuemIY~`T"x ~UORz,Tý
xºT÷WTQSxuTQ~t¿aºxºKUfºxºa¿QSI[ziORj"MxuIY~NIuX  TT\TQitSIb\[T~`fxºT"I[e  O~`t{ORMUfMUkuKUùI[jT"M2jNtSILQSøLý
OgQuøfY\[TK@~UORz,T^[~ORMkuQSxºTcMORK`I[þueRT~UfM~UfKUTT"\[T"KUa,MORQuø[eRTOmMfMkSKùIjTGùµf[KwILeReS÷WfM`MORþueRa
Ogzi÷Wf[KU~`ILQ~-ORMUfY\YILeRkuT"M-IY~AxºO|TK`TQ~AKUTcMfegku~UORf[QSMsILQSxæegfI[x)~`tuTz xºkSKUORQuøÚ\¿OmMkILeROgßcIYý
~UORf[QP^QSM~UTcI[xÒX  T)xºT\¿OmMTI:zkueg~UORKUTcMfegku~UORf[Q\[f[eRkuziT)xuIY~NIæK`T÷uK`T"MUTQ~NIY~UORf[QJ^ﬀúëT
SK`M~xºT"\[TeRf[÷{IAþuOR\YILK`ORIL~UTvwýM÷ueRORQuT  Ib\TeRT~@M`jNtuTziTGùµf[K
 
Mkuþ|xºOR\¿ORMUOgfQ{ILQSx ~UtSTQ
ø[TQSTKNILeROgß"T	O~s~UfÚIi~`KUOR\YILK`ORIL~UTvwýM÷ueRORQuT  GIb\[TeRT~(M`jNtuT"z,Tùµf[K
 
MUkuþ|xºOR\OmMUOgfQP^úëT
tSIb\[TAIL÷u÷SegORT"xÛf[kSKG~UT"jNtSQuO kuTcM~Uf{þuOR\YILK`ORIL~UT	I[M  TeReJI[MG\f[eRkuziT~`KUOmjsxSIY~`IS^
uf[K emILK`ø[TýM`jI[egTz kueg~UORKUTcMfegkº~`OgfQK`T÷uK`T"MUTQ~NIY~UORf[QJXsfQuTûMtufkuemx kSMUT KUT"ø[kuemILK
K`IL~UtuT"K~UtSI[Q;ORKUK`TøkueRI[KxuIY~NIqM~UK`kSj1~`kuKUTcMXWMORQSjTø[K`ORxjf[QuQST"j1~`Og\¿Og~a=OmMORzi÷ueRORjO~AILQSx
xuIY~NI I[jjT"M`M{MORzi÷ueRTùµf[KqK`TøkuemILKqxuIL~`Iu^w]Jf fY\TKNjf[ziT)K`Tø[kSeRI[KqxuIY~NI M~`KUkSj~UkuK`T"M
xºORM`I[xu\bI[Q~`ILøT=f[ùAjfI[K`MUT=øK`I[Q¿kueRI[KUOg~a[X  TtSIb\[TxºT"\[TeRf[÷WT"x ~UtST
Þ
 
ýMUkuþWxuOg\¿OmMORf[Q
MUjNtuT"ziT  TxºOmMUjkSM`MGOgQ¿Tcj1~UORf[Qu^ﬀ@\[T"KUa
Þ
 
ýMkSþWxºOR\¿ORMUORf[Q)M~`T÷)f[QueRaÚxºfkuþueRT"MG~`tuT
QkSzþWTKfLù2\[T"K~`ORjT"M"X  tuORjNt)OmMI ùI[j~Uf[KGf[ù
Þ


OgQ)T"IjNt=f[ùJ~`tuTëxuOgziTQMORf[QSM"^
úûtuTQ kSMUORQuø;I  Ib\TeRT~M`jNtuTziT[XP~UtuTÚxSIY~`I)\YI[egkuT=IY~I\TKU~UTüﬂﬁåOmM	ku÷|xuIY~`T"x
 tuTQûjNtSI[Quø[ORQuøë~UtuTæegT"\[Tef[ùAxuT~`I[OgeXwI[QSx ~Ut¿kSMi~`tuT\YILeRkuT\YILK`OgTcM  O~`tû\YILK`aORQuø
egT"\[TewfLùxºT~`ILORe^ﬃsQI;jfI[K`MUT{egT"\[T"eXJ~UtuTq\YI[egkuT=KUT"÷uK`T"MUTQ~`MA~`tuTq\YILeRkuTÛIY~ ﬁ O~NMT"eù
I[M  wT"egeAI[MÛILQ Ib\[TKNILøT)\bI[egkST:f[ùI jTKU~`ILORQ K`TøOgfQ ILK`f[kuQSx!ﬁ^]GtuOmMÛI[÷u÷uK`fIjNt
egTcI[xuMw~Uf,þWT~~`TKI[÷u÷uK`fbü¿ORz{IY~`OgfQSMfQ=jfILKNMUTKeRT\TemM^¿ú Ib\[T"egT~`MþSI[MUT"xÚf[QÚ~UtuT
Þ
 
ý
Mkuþ|xºOR\¿ORMUOgfQ M`jNtuTziTkuQºùµfK~`kuQSIY~`TeRa	tSIb\[T~UtuTxºOmM`I[xº\YILQ~NILø[TwfLùjKUTcIY~`OgQuøsfY\[T"Ký|ILQSx
kuQSxºT"K`MUtuf¿fL~NM^uf[KﬀTüuI[z,÷SegTXùµfKéOmMfMkSKùIjTTü¿~`K`Ij1~UORf[Q "$#% Ò~UtuOmM2jNtSILKNI[j~UT"KUOmM~`ORj
jILQ jILkMTëjK`T"IY~`OgfQûfLùOmMfMkSKùIjT"M µfK=OmMfMkSKùIjTæjf[zi÷fQuTQ~NM
{~UtSIL~ÛILK`TæQSfL~
TüºORM~UT"Q~OgQ=~UtuTAùµkSegeéKUTcMfegkº~`OgfQP^º]GtuTK`TùµfKUTX  wTAkSMUT&|ý\YI[KUOmIY~`T-vwýM÷ueRORQuT  Ib\TeRT~`M"X
 tuORjNt xuf Quf[~=jK`T"IL~UT;fY\TKUýILQSx kuQxºTKNMtSff[~`M"XwI[QSxûI[x('kM~=~UtuT"zC~`f ~UtST
Þ


ý
Mkuþ|xºOR\¿ORMUOgfQMUjNtuT"ziT[^
výMU÷uegORQuT  Ib\TeRT~NMtSIb\T~`tuT ÷SKUf÷T"K~a)~`tSIY~-~UtuT"aæxºfÛQufL~	fQuegaORQ*)SkSTQSjT ~`tuT
QuTORø[t¿þWf[KNMGfLùIi\[TKU~UTü+ﬁ^]Gt¿kSM"X  tuTQ)kSMUORQuø{f[kº~Uýf[ùÎýjf[K`T-~UT"jNtSQuO kuTcMG~Uf{f÷T"K`IL~UT
f[QæfKA\OmMUkSILeROgß"TemILK`ø[TýM`jI[egTxSIY~`ISXÒIÚeRfL~AfLùGxuIY~NIÚz kSM~AþWT,eRfIxºT"x;ùµKUfz&Tü¿~UT"KUQILe
z,T"zif[K`a  O~`teRf   -,.ﬃ(ý÷WTKUùµf[K`z{ILQSjT[^/ukuKU~UtuT"KUzifKUTX2~UtuTI[xSIL÷º~`Og\¿Og~a ùµf[Ki\¿OgT  Gý
xºT÷WTQSxuTQ~K`TSQuT"ziTQ~A~UT"jNtSQuO kuTcM	OmM	KUTcM~`KUOmj1~`T"xÒ^PHJOùÎ~`OgQSø;MUjNtuT"ziT"M  Og~Ut QSI[KUK`f  
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦` ä
Se~`TKNMAjILQ:þT,kSMUT"x;~UfÛfY\[TKNjfziT	~UtuOmM-÷uK`f[þueRTz)^|ú:TiK`T\¿ORT  ILQx;ø[T"QuTKNILeRORßT~`tuT
egOgùÎ~UORQuøiMUjNtuT"ziTùµKUfz  (|ORQ ¿T"j~UORf[Q^Q ¿T"j~UORf[QSM	ILQx
	¿X  wT-xºT\TeRf[÷qIMUORz,ORemILK
egOgùÎ~UORQuøsM`jNtuT"z,Tùµf[KJ~UtuT
Þ


ýMUkuþ|xºOg\¿OmMORf[QM`jNtuT"z,Tùµf[K  #

ILQx #u^cú:Tw÷uK`fY\OmxºT
KUTcMkueg~`MGORQ¿T"j~UORf[QSMiI[QSxu^
éðJó ò@ñﬁﬀ
nkueg~UORKUTcMfegkº~`OgfQq\[fegkSz,T-K`T÷uK`T"MUTQ~`IL~UORf[Q{OmMþSI[MUT"x{fQ=I [r tuORTKNILKNjNtuORj"ILeWxuIY~NIf[KUý
øILQSOgßcIY~UORf[Qif[ùPOgK`KUT"ø[kuemILKfK@K`Tø[kSeRI[K~a¿÷T^K`KUT"ø[kuemILK@xSIY~`IM~`KUkSj~UkuK`T"M"XMUTT  uXﬂuX	X
kSMTGQufQºýkuQuOgùµf[K`z KUTSQuTziT"Q~@M~UT"÷SMX  tSORjNt,z{ILo[TcMé~UtuT"z tuORø[tueRaI[xSIL÷º~`Og\T[^ﬃsQ~`tuT
fL~UtSTKGtSILQxÒXºø[K`ORx=ORQºùµf[K`z{IY~UORf[Q=zkSM~þT	M~UfKUTcx=I[QSxÚxuIL~`IiI[j"jTcMUMOmMwQSfL~M~`K`I[Ogøt~ý
ùµf[K
 I[K`xÒ^ wM÷WT"jORI[egeRa	ùµf[KemILK`ø[TýM`jI[egTxuIY~NIuXLIxuxºOg~UORf[QSI[eºz,T"zif[K`aKUT kuOgK`TziT"Q~NM2ILQSx
z,T"zif[K`a,fKUøILQuORß"IL~UORf[QiQuT"T"xuMILK`TsIziI 'f[KxºORM`I[xu\bI[Q~`ILøTfLùPORK`KUT"ø[kuemILKM~`KUkSj~UkuK`T"M"^
uf[K	K`TøkuemILKxuIL~`I)f[K`øI[QuORß"IY~`OgfQSM"XWfºj~UK`TT"M"XPMUTT
	ﬃ¿X 		X
! 
X

uX

	X ! #"éILQSx
~UT~`K`I[tuT"xuK`I[esøKUOmxuM"XMUTT!
! 
XGI[KUTëjfz,zifQP^ Sf[K)K`Tø[kSeRI[K=M~UK`kSj1~`kuKUTcMXø[K`OmxåjfQºý
QuT"j~UOR\Og~aOmM,Ogzi÷ueRORjO~qI[QSx xuIL~`I:ORMiTcI[MUOgeRa ILQSx  kuOmjNoeRaI[j"jTcMUMUT"xÒ^2yf  T\TKcXJ~`tuT
KUTSQuTziT"Q~M~`T÷SMtIb\[TG~Ufjf[QºùµfKUz~Uf	~`tuT~`f[÷Wf[eRf[ø[OmjI[eujfQSM~`K`I[OgQ~NMX  tuOmjNt{z{ILoT"M
KUT"ø[kuemILK-M~`KUkSj~UkuK`T"M-eRT"M`MAI[xuI[÷º~UOR\[T^W]éf=fY\TKNjfz,T~UtuOmMAxºORM`I[xu\bI[Q~`ILøT[X  wT kSMUT ~`tuT



ýMkSþWxºOR\¿ORMUORf[Q MUjNtSTziT[XJIÛK`TøkueRI[KxuIY~NI)f[K`øI[QuOgßcIY~`OgfQ:MUku÷u÷Wf[KU~UORQuø SQuT"Kø[KNILQ¿kºý
eRI[KUOg~a[^úûtuOgeRT[XWùµfK(TüuI[z,÷SegTXWI[Q;fºj1~UK`TTKUTSQuTziT"Q~AM~`T÷æxuf[kuþueRT"M(~UtSTQ¿kuzþWTK-fLù
\[TKU~UOmjTcMﬀOgQiT\TK`a	xºOgziT"QSMORf[QJX  tuOmjNt eRT"IxuMé~Uf	IsùI[j1~`f[Kf[ùTORø[t~cXLI 
 
ýMUkuþWxuOg\¿OmMORf[Q
M~`T÷;fQuegaxºfkuþueRT"M(~UtuT,fY\[T"K`I[egeJQkSzþWTK-fLù@\[T"K~`ORjT"M"^W]GtSTK`Tùµf[K`T[X 
 
MUkuþWxuOg\¿OmMORf[Q
 OgeReXéOgQ øTQuT"K`I[eXÒK`T kuORKUT{eRT"M`M	\TKU~UOmjT"M-~`tSILQ fºj1~`KUT"T"MA~`f;MUIL~UOmMùµaëM÷WT"jO T"x ORziI[ø[T
 kILeRO~aT"KUK`f[K-þfkuQSxuM"^ ¿ORQSjT SQuT"KAø[KNILQ¿kuemILK`O~aÛegTcI[xuMs~`fÛtSOgøtuTK	I[xSIL÷º~`Og\¿Og~a)~UtuOmM
ùI[j1~(M~UOReRePtuf[emxuM  tuT"Q)kSMORQuø{I[xSIL÷º~`Og\T-K`TQuTziTQ~G~UTcjNtuQuO  kuT"M"^
]GtuTMU÷ueRO~U~UORQuøAM~`T÷,fLùu~`tuT
Þ
 
ýMUkuþWxuOg\¿OmMORf[QM`jNtuT"z,T  GI[MéOgQ~UK`fºxºkSjT"xþ¿a%$wftuTQ
ILQSx r-ILkuþWT"jNtSOgTcM+ ( ùµfK  #

ILQSx n;I[kuþSIjNt!
	& wùµfKILK`þuOg~UKNILK`a^J~ijILQ þWT
xºT"M`jK`OgþWT"xiþ¿a,kSMUOgQuø~UK`ORI[Quø[kuemILK@IM  TeReIM  kSI[xºK`OReRIL~UTKNILeSz,TcMtST"M " #

@f[K~`tuTORK
jf[kSQ~`TK`÷SILKU~`M,ùµfKÚtuORø[tSTKÚxºORziTQSMUORf[QSM"^Q ~`tuTùµf[eReRf  OgQuøX  T  OgeRe-jf[QSMUOmxºTK{~`tuT
 kI[xºK`OgemIY~`TKNILeÒjIMTAILQx=Og~`Mø[TQSTKNILeROgßcIY~UORf[QJ^
]GtuTGKUTSQuTziT"Q~M~UT"÷ifLùW~UtuTI[÷u÷uK`fI[jNtST"M2xºT"M`jK`ORþTcxORQ  SX

X.'SOmM@I-eRf[QuøT"M~ý
T"xºøT þuOmMUT"j1~`OgfQ:I[÷u÷ueROgTcx~UfÛ~`T~UKNILtST"xºKNILeﬀziT"MUtuT"M"^Ò]GtuORMAM~UT"÷:OmM-T kuOR\bI[egT"Q~s~`f=~`tuT
M÷ueROg~~UORQuøæM~UT"÷ fLùG~UtuT

 
ýMUkuþ|xºOg\¿OmMORf[Q M`jNtuTziT^Jyf  T\TKcX|~UtuTcMTqI[÷u÷uK`fI[jNtST"MAxºf
QufL~AKUT"÷uK`T"MUTQ~sI{ùµkSege@MUkuþ|xºOg\¿OmMORf[Q:MUjNtuT"ziT[X|MORQSjT ~UtST,Ib\TKNILø[ORQuø{M~UT÷:ORMsziORM`MUOgQuø^
]GtkMXb~`tuT"MUTMUjNtuT"ziT"MILK`TKUTcM~`KUOmj1~`T"x~Uf	M~`KUkj1~UkSKUTcx¿ýK`T"j~UORegORQuTcILKﬀø[K`ORxuM"X  tuT"KUTTORø[t~
jkuþWf[OmxuMMUtSILK`TwIAjfziz,fQ\TKU~UTüÒXYILQx	~UtSTGjkuþWf[OmxuM2tSIb\[Tw~UtSTGM`ILziTGMORßT^Y]GtuT



ý
Mkuþ|xºOR\¿ORMUOgfQæM`jNtuTziT I[eRMUfÚI[÷u÷ueROgTcM~`f=M~UK`kSj1~`kuKUTcx¿ýjkuK`\¿OgeROgQST"ILKsø[K`ORxSMX  tuTK`TtuTüuIYý
tuT"xºKNI fLùéI[KUþuOg~UKNILK`aiMtSI[÷T þukº~  O~`t=eRORQuT"I[KTcxºø[TcM
ILK`TskMTcxqORQSM~`T"IxqfLù2jkuþWf[OmxuM"^
]GtuTMUjNtSTziT	jILQÛT\TQÛtSILQxºegT	Tü¿~UKNILf[KNxºORQSILK`ai\[T"K~`ORjT"M"X¿MUTT 

	 ^
T"jTQ~UeRa[XcdTeRtufAILQSx%(|f[K`OgQ  

ºORQ~UK`f¿xukSjTcx
 
ýMkuþ|xºOR\¿ORMUOgfQMUkuKùIjTcM  #


þaIxuxºORQuøAILQ Ib\TKNILøOgQuøM~UT"÷P^Y]GtuTaMUtuf  T"xA~`tSIY~2~`tuTw÷SKUfºxºkSjT"x MkuKUùI[jT"MﬀILK`T)+*ý
jf[Q~`OgQ¿kufkSMAIY~	KUT"ø[kuemILK	I[QSx,)VNýjf[Q~UORQ¿kuf[kM-IL~Tü¿~UKNILfK`xuOgQSI[KUaÛ\[T"K~`ORjT"M"^ "ufKILQ
OgQ~UK`fºxºkSj~UORf[Q=~UfqMUkuþWxuOg\¿OmMORf[QÛziT~UtSf¿xSMX  TAKUTùµTKG~`f .(^ 
  Å

Å
N,`"¦Î»
]GtuT{z{ILORQ Ixº\YILQ~`I[ø[TifLù  GIb\[TeRT~M`jNtuTziTcM	ORM	~UtuT{ùIj1~	~`tSIY~~`tuTa:÷uK`fY\OmxºT{I
z,TcILQSM@~Uf ø[TQSTKNIY~UTøf¿f¿x{I[÷u÷uK`fbüºOgz{IY~`OgfQSM2ORQÚI	zkSe~`OgK`T"MUf[eRkº~UORf[Q{tSOgT"K`I[K`jNt¿a[^ ~Ufegegý
QuO~`ß{T~I[e^ 

( xuT"M`jK`OgþWT"x:tuf   ~`fø[T"QuTKNIY~`T  GIb\[T"egT~`M(ùµf[KMUkuþWxuOg\¿OmMORf[Q M`jNtuTziT"M"^
yf  T\[T"K"X
Þ
 
ýMkSþWxºOR\¿ORMUORf[Q  GIb\[TeRT~NM{jI[QeRT"Ix~UffY\TKUýILQSx kuQxºTKNMtSff[~`M"XMUTT
éORø[kSKUT 	 µþ  X  tuOmjNtqILK`TTcM÷WT"jORI[egeRa xuORM~UkuK`þuORQuø  tuT"Q,Tü¿~UKNI[j1~`OgQSø	ORMUfMUkuKUùI[jTcMéùµKUfz
xºO|TK`TQ~,egT"\[TemMf[ùIL÷u÷uK`fbüºOgz{IL~UORf[QP^J]GtSTa jI[Q T\[T"QjI[kSMTq~Uf[÷Wf[eRf[øORj"ILejNtILQuøT"M
fLùOmMfMkSKùIjT"M  tuTQëjNtSILQSø[ORQuøq~`tuT eRT\Te2fLùwKUTcMfegkº~`OgfQP^|]GtuTK`TùµfKUTX  TtSIb\T xºTý
jOmxºT"x ~Uf øTQuT"K`IL~UT)výMU÷uegORQuT  GIb\[T"egT~`M ùµf[Ki~`tuT
Þ
 
ýMUkuþ|xºOg\¿OmMORf[Q M`jNtuTziT[X  tSORjNt
ILK`ToQSf  Q ~`f÷uK`fºxºkSjT(ø[f¿fºx,I[÷u÷uK`fbüºOgz{IY~`OgfQSM"^ "ufKwI[Q{OgQ~UK`fºxºkSj~UORf[Q,~UfvwýM÷SegORQuT
~UT"jNtSQuO kuTcMX  T	K`TùµTKG~`f 

^ 
]GtuT{jf[zi÷uku~`IY~`OgfQ:f[ù  GIb\[T"egT~AjfTqjORTQ~`M	IL~IÛjTKU~`I[OgQ:\[TKU~UTü;ùµf[K  GIb\[T"egT~`M
 O~`t;ø[f¿fºx)IL÷u÷uK`fbüºOgz{IL~UORf[Q kILeRO~aÛegORo[TvwýM÷SegORQuT  GIb\[T"egT~`MGOmMQuf[~seROgziOg~UT"xÛ~`fqkSMý
OgQuøÚf[QueRaÛIx('I[jTQ~\[T"K~`ORjT"M"^SHPfºj"ILeROgßcIY~UORf[QJXutuf  T\[T"K"XºOmM(M~UK`f[QSø[eRa=xºTcMORK`I[þueRT  tuTQ
 wT  I[Q~s~UfÛIL÷u÷ueRa)~UtST  GIb\[T"egT~sMUjNtSTziT~`f=I[xSIL÷º~`Og\TK`TSQuT"ziTQ~-I[QSx)~UfÛf[ku~ýfLùÎý
jf[K`T\¿OmMkSI[egORß"IL~UORf[Q,~UTcjNtuQuO  kuT"M"^HJOùÎ~`OgQSø M`jNtuTziT"MwI[MOgQ~UK`fºxºkSjT"xiþ¿a   wT"eRxºT"QSM 


xºT"jf[zi÷fMT  GIb\[TeRT~Ajfz,÷Skº~`IL~UORf[QSMsOgQ~`fÛMUT\TKNILe2M~`T÷SM"X|þukº~A~UtuT"aæI[M`MUTKU~sQSI[KUK`f  
Se~`TKNMXuMUTTﬀORø[kuK`T u^uvTKU~UKNILz T~I[e^ 

X  JxºTQuT"x)I egOgùÎ~UORQuøqM`jNtuTziT-ùµf[K	cr ILQSx

r vwýM÷ueRORQuT  Ib\TeRT~`MkSMUORQuø{I  kSIx¿~UK`TTAfKUøILQuORß"IL~UORf[Qqf[ùé~`tuT	\[T"K~`ORjT"M"^
úëIb\TeRT~`M	ùµf[K,ø[TQSTKNILexºORemIY~UORf[Q ziIL~UK`ORjT"Mø[fþSIjNoæ~`f ORTziTQMUjNtuQSTOmxºTK,ILQSx
¿tuTQ 

(  tufÚkSMUT"xæIqþWfbüýMU÷uegORQuT,IL÷u÷uK`fIjNtP^S}AfY\YIjT\¿OjAILQSx;dT~~`TK`egO 
	 ILQxÒX
z,fKUTK`T"jTQ~UeRa[X
	a~~`TK`tuf¿T\TQ  	 |ILQSx{}AfY\YIjT\¿OjILQSx   TemxºT"QSM 
	

|xºT\TeRf[÷WT"x
egOgùÎ~UORQuø=M`jNtuT"z,TcMG~UtIY~sj"ILQþWTIL÷u÷SegORT"xÛ~`f
Þ


ýMUkuþ|xºOg\¿OmMORf[Q;xSIY~`I{M~UK`kSj~UkuK`T"M"^	(a~Uý
~UTK`tuf¿T\TQ!  	  fQuegaëI[xuxuKUTcMUMUT"x;~UtuT

r jIMT^ÒQ%	

XP~UtuT Seg~UT"K`M	~UtSIL~÷uKUfºxºkjT
ø[f¿fºxÛI[÷u÷uK`fbüºOgz{IY~`OgfQSMGILK`T	QufL~QILK`KUf   T"Quf[kSø[tÛùµf[KfkuK÷ukSKU÷WfMUT"M"^ﬀﬃsQ)~UtuT	f[~UtuT"K
tSILQSxPX[~`tuT(ku÷|xuIL~UT-KUkueRTùµfK@~`tuTsQILK`KUf   Se~`TKNMORQ$
	

WOmM@~`tuT(OmxºT"Q~`O~aX  tSORjNtÚxufTcM
QufL~(MUku÷u÷Wf[KU~G~UtuTjKUTcIY~UORf[QÛfLùﬀø[f¿fºx=I[÷u÷uK`fbüºOgz{IY~`OgfQSM"^
pQuf[~UtuT"Kwz{ILORQÚxºO
|TK`TQSjTsþWT~  TT"Qqf[kuKGIL÷S÷uKUfI[jNt{ILQx{~UtSTsQufQºýMT"÷SILKNILþueRT Segý
~UTKNMikSMUT"x OgQ   	 (I[QSx 
	

ORM,~`tuT)ku÷WxSIY~UTK`kueRT[^ufK{TüuILzi÷ueRT[X  T)ku÷WxSIY~UT)~`tuT
\[TKU~UOmjTcM-OgQ I



ýMUkuþ|xºOg\¿OmMORf[Q M`jNtuTziT,þa;I[÷u÷ueRa¿OgQuø	SKNM~s~`tuT [r X|~UtuT"Q:~`tuT

r X
ILQSx SQILeRegaë~UtST$	"r ku÷|xuIY~`TÚK`kuegTcM^ﬀ]GtuOmM I[÷u÷uK`fI[jNt ILku~Uf[z{IL~UOmjILeReRa:ORQSjeRkSxºTcM~`tuT
þfkuQSxuI[KUajIMTcMX  tuOmjNtæILK`TQuf[~AMUkqjORTQ~UeRaI[xuxuKUTcMUMUT"x)ORQ  	 ILQx 
	

^Wn;f[K`Tý
fY\[TKcX~UtuT	øTQuT"K`I[egORß"IL~UORf[QÚ~Uf{ILK`þuOg~UKNILK`aqxºOgziT"QSMORf[Q ëORMM~UKNILORø[t~ýùµf[K
 GILKNxÒ^
  

¿ôósöﬀöﬁ¿öòïﬂõ ﬃ 
ú:T SK`M~wxºTcMUjKUORþWT~UtuT-jIMT  #

^.Sf[KwI


ýMUkuþ|xºOR\OmMUOgfQqM~`T÷{fLùJI  kI[xºK`OgemIY~`TKNILe
 
X  Tijf[zi÷ukº~`T{O~NMjT"Q~UK`f[Omx"!SXJILQSx jf[QuQuTcj1~#!Û~`f;ILeRe2ùµf[kuK\TKU~UOmjTcMsf[ù
 
^J]GtuT

f[emx ÚT"xºøT"MsfLù@~`tuT ziTcMtëILK`TK`TzifY\[Tcx µTüºjT÷º~-ùµf[Ks~UtST Tcxºø[TcM-xuT~UT"KUziORQuORQuøÚ~`tuT
z,TcMt ,YxºfziI[OgQÛþWf[kuQSxSILK`a  ^ ﬀOgøkuKUT 	AORegeRkSM~UKNIY~UTcMùµf[kuK


ýMUkuþ|xºOg\¿OmMORf[Q)M~UT÷M^
]GtuT z{IMokSMUT"x;ùµf[K-~UtSTijf[zi÷ukº~NIY~`OgfQæfLù~UtuT{jT"Q~UK`f[Omx$!ÛORM-øOg\TQæORQ éORø[kSKUT

I1^ éORø[kSKUT

µþ (MtSf  MG~UtuT z{I[MUo=f[ù~UtuT,Ib\[TKNILøOgQSø,M~UT"÷æI[j"jf[KNxºORQuø,~Uf  

^|p


ýMUkuþ|xºOR\OmMUOgfQ;M~`T÷;OmMTü¿Tcjkº~`T"xþ¿a SKNM~sI[÷u÷ueRa¿OgQuøq~UtuT ziIMo)MUtuf  QOgQﬂéORø[kSKUT

I1X  tuOmjNt ORQSMUTKU~`M ~UtST=QuT   \TKU~UOmjT"M"X2ILQSx ~UtuT"Q IYùÎ~`TK,~UtuTÛ~`f[÷Wf[eRf[ø[OmjI[ewziTcMt
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦`  
c
Q

Ö¿Ö
ß à Èu£L"»
z,fºxºOj"IY~UORf[QM
,IL÷S÷uega¿ORQuø:~UtuT)z{I[MUoMtSf  Q ORQ ﬀORø[kuK`T

µþ  X  tuOmjNt K`T÷WfMUO~`OgfQSM
~UtuT	feRx=\[T"K~`ORjT"M"^

	
1
4
1
4
1
4
1
4


1
2
1
8
1
8
1
8
1
8

ÖSÖJ×
"ìL"
ß à
ØÈu£LciNWµc2`A`NYcWÎÈºéNº""	"¦g
£c`NNN»
]GtuORMJMkuþ|xºOR\¿ORMUOgfQ	MUjNtuT"ziT2ùµf[K  kSIxºKUORemIY~UT"K`I[eRMWOmMPILQILeRf[ø[fkSM~Uf~`tuT

býMkSþWxºOR\¿ORMUORf[Q
MUjNtuT"ziT-f[ù2}AfþuþWTeg~
	
 
Pùµf[KG~`KUOmILQuøegTcM^u]GtSTK`Tùµf[K`T[X  T	jILeReÒOg~


MUkuþ|xºOR\OmMUOgfQP^
ú:TQuf  øTQuT"K`I[egORßT~UtuTMUkuþWxuOg\¿OmMORf[Q,MUjNtuT"ziT~`f
Þ
 
MUkuþ|xºOR\OmMUOgfQùµf[KI[KUþuOg~UKNILK`a
xºOgziT"QSMORf[Q!^]GtST;M÷ueROg~~UORQuøM~UT"÷OmM{Tü¿Tcjkº~`T"xþ¿a ORQSMUTKU~UORQuøë~UtuTæjTQ~UK`f[OmxILQSx
I[x('kSM~UORQuø,\[T"K~`TüÚjfQuQuTcj1~UOR\¿O~a^º]GtuT-Ib\TKNILøOgQuøM~UT"÷ÛI[÷u÷ueROgTcMw~Uf,T\[T"KUaifeRxÚ\[TKU~UTü

~`tuT	ku÷|xuIY~`T	KUkSegT

#

 	ﬀ ﬂﬁﬃ
 tuTK`T ﬁ OmMG~UtSTjTQ~`KUfORxÚfLùﬀ~UtuTIx('I[jTQ~QuT  \[T"K~`ORjT"M"^
ú:T{ILK`TiT"MU÷TcjOmILeRegaæOgQ~UT"KUTcM~`T"x:OgQ:~UtSTqjI[MUT  #u^PHJO~U~UeRT{KUTcMTcILKNjNtætSIM-þT"TQ
xºf[QuTÛ~`fxuIY~`T)jf[QSjTK`QuORQuø r µ\f[eRkuziT~`KUOmj ,MUkuþWxuOg\¿OmMORf[QP^ ﬃsQuT)TüuILzi÷ueRT)ORMi~`tuT
 wfKUoqxºTcMUjKUORþWT"xÛOgQ 
	&(^S]GtuT
Þ
 
ýMkSþWxºOR\¿ORMUORf[Q)MUjNtuT"ziT	OgQÛ~UtSORMøTQuT"K`I[eÒMT~~UORQuø{OmM
xºORM`jkMUMUT"xæOgQ!

	 ^P]GtuTiegOg~UT"K`IL~UkuK`T,jkuK`KUT"Q~`ega)÷uK`fY\¿ORxuT"M-Quf)ILQSI[egaºMUORMsfLùGIb\[TKNILøOgQSø
M~`T÷SMùµf[K(xºORziTQSMUORf[QSM(eRI[KUøTKG~UtILQ)~  fS^S]Gt¿kSM"XIL~÷uKUTcMT"Q~"X  TjI[QuQuf[~(÷uK`fY\OmxºT	I
Mfegkº~`OgfQÚùµfKG~UtuTjNtSf[OmjTAfLù! kSMUT"x=OgQÛ~`tuT	ku÷|xuIY~`T	KUkueRT[^
yf  T\[T"K"X  tuTQ IL÷S÷uega¿ORQuø=~UtuT 
 
ýMkSþWxºOR\¿ORMUORf[Q MUjNtuT"ziT~`f=emILK`ø[T,\[fegkuziT~UK`ORj
xuIY~NI=MUT~NMX  T kSMUkSI[egeRa;xºT"I[e  O~`tëM~UK`kSj1~`kuK`T"x¿ýKUTcj1~`OgeROgQST"ILKsø[K`ORxSMX|T"MU÷WT"jOmILeReRa  tuTQ
jf[QMOmxºTK`ORQuø:ORz{ILøOgQuø xuIL~`I MT~`M"^ ufKiM~UK`kSj~UkuK`T"x¿ýK`T"j1~`OgeRORQuT"I[K,øKUOmxuM"Xﬀ~UtuT)ku÷|xuIY~`T
KUkueRTxºf¿TcM(Quf[~sjNtSI[Quø[T	~`tuT÷WfMUOg~UORf[QfLù~`tuT\TKU~UOmjTcMK`TøI[K`xuegTcMUMGf[ù~UtuT,M÷WT"jO j"
\bI[egkST[Xﬀþukº~iO~if[QueRa I |T"j~`M~UtuT=\bI[egkST"M,IY~~`tuTÛ\[TKU~UOmjTcM^éQ ¿Tcj1~`OgfQ uX  wTÛMtSf  
~UtSIL~s~`tuT
 
ýMUkuþ|xºOg\¿OmMORf[Q Ib\TeRT~`MsILK`TQuf[~AI[÷u÷uK`f[÷uK`ORIL~UTAùµfKsfkuKs÷SkuKU÷WfMUT"M"X|ILQSx
 wTGK`T÷uemI[jT~`tuTz þa výMU÷uegORQuT  GIb\[TeRT~NM^Y]Gt¿kSM"X  wTxºfAQuf[~QuTTcx~`f	jNtuf¿fMUTI-\YILeRkuT
ùµf[Kw^
Q ﬀOgøkuK`T SX¿~UtuK`TT 
 
ýMkuþ|xºOR\¿ORMUOgfQ=M~UT"÷SMILK`T-MUtuf  QP^¿Q=T"I[jNtÛM~`T÷PX¿~`tuT	jT"Qºý
~UK`f[OmxuMfLùW~UtST÷fega¿tuTcxºK`I[euMtIL÷WT"M@I[KUTGORQSMT"K~`T"xÒXILQSx ~UtST(jfQuQuT"j~UOR\¿O~a ORM@Ix('kSM~UTcxÒ^
]GtuKUT"TAoORQSxuMfLùé÷Wf[eRa¿tuT"xuK`I[ePMtSI[÷TcMILK`ORMUT[^u]GtSTaÚI[KUT	MUtuf  QÚORQ éORø[kSKUT S^
  Å

Å
N,`"¦Î»



	









ÖSÖ 
ß à Èu£Lc»
ﬀﬁ
ﬂﬃ  

Ö"!WÖ
|"¦¥[¾1[¦¾¿ºNP`11AÈY¥

ß à Èu£L" cY`"¾1["§bYU"¾N[csÆ@¾
¦@m"NNN§¿",NÈº"S»
Q ~`tuT	SK`M~qM~`T÷PXT"I[jNtjkuþWf[Omx  SKNM~{÷uOmj1~`kuK`TfLù ﬀORø[kuK`T ,;~`tuOgKNx ÷uORj~UkuK`T
fLùéORø[kSKUT  ORMMUkuþ|xºOR\OmxºTcx)þa=OgQMT"K~`OgQuø,~`tuTjkSþfORx  MjTQ~UK`f[Omx=I[QSx)jfQuQuT"j~UORQuø
~UtuTÛjTQ~`KUfORxë~`f:ILeRef[emx \[TKU~UOmjTcM MTcjf[Qx ÷uOmj1~UkSKUTqf[ù ﬀOgøkuKUT  1^ﬀQ ~`tuTÛMUT"jf[QSx
M~`T÷PXéT"I[jNt fºj1~NILtuTcxºK`f[Q  SKNM~÷uOmj1~UkSKUTqf[ù éORø[kSKUT -ORM MkSþWxºOR\¿ORxuT"x þ¿aæORQSMUTKU~UORQuø
~UtuT:f¿j~`I[tuT"xºK`f[Q  M=jTQ~`KUfORxûI[QSxûjfQuQuT"j~UORQuø ~`tuT:jTQ~UK`f[Omx~UfILeRe(f[emxû\TKU~UOmjT"M"X
 tuOgeRTsI[egeWf[emx{Tcxºø[TcMXTüujT"÷º~~`tuTsTcxºø[TcM@ORQSMUTKU~UT"xqOgQ{~`tuT-eRIM~GMkuþ|xºOR\¿ORMUOgfQÚM~UT÷JXI[KUT
xºTeRT~`T"x Î~UtSOgKNx;÷uOmj1~`kuK`T f[ù ﬀOgøkuKUT   ^|Q;~UtST ~`tuORK`x:M~`T÷PX|T"IjNt;fºj1~NILtuTcxºKUfQ  Og~Ut
M÷ueROg~ùI[jT"M MUT"jf[QSxi÷uOmj1~`kuK`T(fLù ﬀORø[kuK`T  OmMwMUkuþ|xºOg\¿OmxºT"xÚþ¿a ORQSMUTKU~UORQuøOg~`MjT"Q~`KUfORx
ILQSxëjfQuQuT"j~UORQuøÛ~UtuTqjTQ~UK`f[Omxæ~UfILeRe@f[emx:\[TKU~UOmjTcMX|TüºjT÷º~	~`tuT{\[T"K~`ORjT"M-ORQSMT"K~`T"x
OgQë~UtSTqQuTü¿~Uý~`fLý~UtuTýemI[M~AMUkuþ|xºOR\OmMUOgfQ M~UT"÷  #  X  tuORegTqI[ege@feRx:T"xuø[T"M"XPTüºjT÷º~	~`tuT
T"xºøT"M	þWT~  TT"Q:~`tuTq\TKU~UOmjT"MAORQSMUTKU~UTcx OgQë~UtSTqQuTü¿~Uý~`fLý~UtuTýemI[M~Mkuþ|xºOR\¿ORMUOgfQM~`T÷
 # ILQSxq~UtuT-\[T"K~`ORjT"MORQSMT"K~`T"xÚOgQÚ~UtuTAemI[M~M~UT÷  $  XuILK`TsxºT"egT~UTcxÎùµfkuKU~UtÛ÷uORj~UkuK`T
fLùéORø[kSKUT  ^
]GtuT2~UtuK`TT@MUkuþ|xºOR\OmMUOgfQAM~UT"÷SMJj"ILQ	ILemMUfþWTxºTcMUjKUORþWT"x-OgQA~`tuT2ùµf[eReRf  OgQuø  GIba&%]GtuT
SK`M~M~`T÷ORQSMUTKU~`MJ~UtuTGjT"Q~UK`f[Omx	fLùu~`tuTGjkuþWf[OmxÒXb~UtSTMUT"jf[QSxM~UT"÷ORQSMUTKU~`MJ~UtuTjT"Q~UTKNM
fLù|~UtuTùI[jTcMfLùW~UtST(f[K`ORø[ORQSILeujkuþfORxPXILQx~`tuT~`tuOgKNx{M~UT÷{ORQSMUTKU~`M2~`tuTziOmxº÷fOgQ~NM@fLù
~UtuT@Tcxºø[TcMÒfLù¿~`tuT@f[K`ORø[ORQSILeLjkuþfORxP^"]GtuK`TT 
 
ýMUkuþWxuOg\¿OmMORf[Q	M~UT÷MP÷uK`fºxºkSjT2~`tuTM`ILziT
KUTcMkueg~I[Mf[QuT-fºj1~`KUT"TsK`TSQSTziTQ~M~`T÷P^uy(TQSjT[Xùµf[Kz kueg~UORKUTcMfegkº~`OgfQq÷ukuK`÷WfMUT"M"X T
f[þº~NILORQ:Iqz kSjNt QuTKAø[KNILQ¿kuemILK`Og~aÚ~`tuKUfkuø[t 
 
MUkuþWxuOg\¿OmMORf[QPX  tuOmjNtæK`T"xukSjTcM(~`tuT
jf[zi÷ueRTüºOg~a fLù~`tuTÛM`jT"QuT"M~UfëþWT=K`TQSxuTK`T"xÒ^ﬀùXﬀùµf[K,TüuILzi÷ueRT[Xﬀ~UtST=K`T"MUf[eRkº~UORf[Q OgQ
~UtuTqMUT"jf[QSxë÷uOmj1~`kuKUT{f[ù ﬀORø[kuK`T Mk {jT"MA~`f)z,T"T~ I)jTKU~`ILORQ MUjKUT"TQºýMU÷SI[jT T"KUK`f[K
þfkuQSxÒXﬀI 
 
ýMkuþ|xºOR\¿ORMUOgfQ tuOgT"K`I[K`jNt¿aæj"ILQ ÷uK`fY\¿ORxuT ~`tuOmMK`T"MUf[eRkº~UORf[QJX  tuTK`T"IM	ILQ
f¿j~UK`TTýtuORTKNILKNjNt¿a  wfkueRxÛtSIb\T(~`f{kSMUTAùµf[kuK~`OgziTcMG~UtuT ILzif[kuQ~fLùxuIL~`I IMGOgQ)~`tuT
ùµf[kuKU~Ut÷SORj~UkuK`TÚf[ù éORø[kSKUT+1^2]Gt¿kSMXékSMUOgQuøæ~UtuT 
 
ýMkuþ|xºOR\¿ORMUOgfQIL÷u÷SKUfI[jNtPXPfQuT
zkSM~K`TQSxºT"K@zkjNt{egTcMUM@xSIY~`I-~`ff[þu~`ILORQ{IxºTcMORKUTcx,Ogz{ILøT  kSILeRO~a^]GtuTIxuxºOg~UORf[QSI[e
T|f[KU~sM÷WTQ~  tuTQ;kMORQuø{~`tuTfºj1~`KUT"TIL÷S÷uKUfI[jNt)xºf¿T"M(QufL~-egTcI[xÛ~UfÚþT~~UT"KsK`T"MUkueg~`M"X
MORQSjT-~`tuT	Ogzi÷uK`fY\[T"ziTQ~`MG÷uK`f 'Tcj1~`T"xqfQ~Uf{MUjKUT"TQ)ILK`TAOgQ)MkSþu÷uOgü¿T"ePKNILQuøT[^
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦`  
  " Uöï     Òð ö`ðºöUï	 ¿õ ﬃ 
Qæ~`tuORM	MUT"j~UORf[QPX  T K`T\¿ORT I[QSxæxuTSQuTiz{I[MUoºMùµfK-~UtuT	"r eROgùÎ~UORQuøMUjNtuT"ziT f[ù 


ILQSx øTQuT"K`I[egORßT,~UtSTz ~Uf~`tuT

r ILQSx r jIMTcM^ÒQ ~`tuT{ùµfegeRf  OgQSø;MTcj1~UORf[QMX  T
 OgeReSI[x 'kSM~~UtuT

rûeROùÎ~`OgQuø MUjNtuT"ziTw~`f
 
MkSþWxºOR\¿ORMUORf[Q{ILQSx ~`tuT [råegOgùÎ~UORQuøM`jNtuTziT
~Uf 
 
Mkuþ|xºOR\¿ORMUOgfQP^
]GtuT 	cr vwýMU÷ueROgQuT  GIb\[T"egT~weROùÎ~`OgQuø{M`jNtuTziTAz{ILoT"MkSMUTsf[ùJ~  f f÷T"K`IL~UORf[QSMw~UtIY~
ILK`TAxuTSQuTcxÛþaq~UtuTAùµfegeRf  OgQSø~  fiziIMoºM"XujI[egeRT"xÛMýeROùÎ~(I[QSx	 GýeROùÎ~ %
MýegOgùÎ~ 
 ﬃ %

  
  ﬃ  	 
 GýeROgùÎ~ 
 ﬃ % 
  
 


]GtuTÚMýeROùÎ~ ziIMoëOmMIL÷S÷uegORT"xë~`f~UtSTqf[emx \[T"K~`ORjT"M)I[QSx:~UtuT"OgK QuT  QSTORø[t¿þfK`M  X
 tuTK`T"IM~UtuT  GýegOgùÎ~(z{I[MUoÚOmMI[÷u÷ueROgTcxÚ~`fi~UtuT	QST  \[TKU~UOmjTcM  ILQSx=~`tuTORKQuT"OgøtþWf[KNM
¿X¿MT"T ﬀORø[kuK`T+ I  ^ Sf[KGI xuT~`I[OgeRT"xÚxºTK`Og\YIL~UORf[Qqf[ùP~UtuT-eROùÎ~`OgQuøiM`jNtuTziTs~UtSIL~  T(kSMUT
I[M,IæþSIMOmMùµf[K ~UtuOmM,÷SIL÷WTKcXI[M  wT"egeI[Mùµf[K,Og~`MiILQSI[egaºMUORM	MUzif¿fL~UtSQuT"M`MX2M~`ILþSOgeRO~aX
IL÷u÷uK`fbüºOgz{IL~UORf[QÚfK`xuTKcX¿I[QSx=ßTK`fizif[ziTQ~`M1X  wTAK`TùµTKG~`f 	 ^

	    

ﬀﬁ
ﬂﬃ
 ﬂ !"
#$
%&
'( )*
+,
-.
/0
12
34
56
78

Ö:9SÖ
`ÃN	NYﬀN,mÍ
 
§
à
 
§",ä
 
	N¾NN»
	(MUOgQuøi~`tuTMýeROùÎ~(I[QSx	 GýeROgùÎ~(z{I[MUo¿M"XuIieROgQuTcILK(vwýM÷SegORQuT  Ib\TeRT~TQjfºxºORQuøqM~`T÷
ORMxuTSQuTcxÚþ¿aÛMT kSTQ~UOmILeRegaÚTüºT"jkº~UORQuø,~UtuTA~  fif[÷WTKNIY~`OgfQSM
 GýegOgùÎ~  
V
l
ﬃ	 åILQSx
MýeROgùÎ~ 
V
*
ﬃ 	 

p eROgQuTcILK-výMU÷uegORQuT  GIb\[T"egT~(xºT"jfºxºOgQSøÚM~`T÷OmMsxuTSQuTcx)þ¿a)MUT kuT"Q~UOmILeRega=TüºT"jkº~UORQuø
~UtuTA~  fif[÷WTKNIY~UORf[QM
MýeROùÎ~ ﬂ
V
*
ﬃ 	 åILQSx
 GýeROgùÎ~ 
V
l
ﬃ	 

éORø[kSKUT ,OgeReRkSM~`K`IL~UTcM~UtuT 	cr egOgùÎ~UORQuøqM`jNtuTziT[^
úûtuTQæI[÷u÷ueRa¿OgQuø

rDvwýMU÷ueROgQuT  Ib\TeRT~`M~UfÚI  kSI[x¿~`KUT"Týf[K`øI[QuOgß"T"xÛMT~sf[ù@\[TKUý
~UOmjT"M"X~  fo¿OgQxuMÒfLùºQuT  :\TKU~UOmjTcMPILK`Tf[þº~NILORQuT"x  tuT"Q	TüºT"jkº~UORQuøIGK`TSQSTziTQ~éM~UT"÷PX
QSILziTeRa~`tuTQuT   \[TKU~UOmjTcM2OgQMT"K~`T"x{IY~~`tuTziOmxº÷fOgQ~NM  fLù|f[emxiT"xuø[T"MILQSx ~UtSTQuT 
\[TKU~UOmjTcMOgQSMUTKU~UTcxÚIL~w~`tuT	jTQ~`TKNM $ fLùJfeRxÚùI[jT"M"XºMT"T ﬀORø[kuK`T  µþ  ^u]GtuTK`TùµfKUTX  T
tSIb\[T-~  fixuO|TK`TQ~z{I[MUoºM^¿úëTxºTK`OR\[Ts~UtuTQSTT"xuT"x

r z{I[MUoºMGþ¿a=jfQ¿\[f[eRkº~`OgfQÚfLù
~UtuT 	cr z{I[MUo¿MORQÛ~UtuTA~  f{jf¿f[KNxºORQSIY~`T-xºORK`T"j1~`OgfQSM"^u]GtuORMegTcI[xuM~`f %
  Å

Å
N,`"¦Î»
w−lift
−0.5
wavelet
coeff.
level n−s−lift s−lift
w−lift
−0.250.25
11
1 1
decoding
0.5nlevel level n
1
encoding
  
ÖSÖ
Í
 
¦1wèéØ¦GÆ1£bN¦`w¦g	¾N	c»
MýeROùÎ~  
 ﬃ  %


¿l 
  
¿l

   l 
 

¿l 
  
¿l

ﬃ  
  


ﬃ   
 GýeROùÎ~  
 ﬃ  %


¿l 
  
¿l

  1l 
 

¿l 
  
¿l

ﬃ  
  

   
]GtuT 	"r0z{I[MUo¿MixºTSQuTcx þ¿a "I[QSx   ILK`T)IL÷u÷ueRORT"xORQþf[~Ut xºOgK`T"j~UORf[QSM"^]GtuT
ziIMoºMGORQ " IM  wT"egeJIM~UtuT	z{IMoºMOgQ  GILK`TAIL÷u÷ueRORT"x)MORzkSe~NILQuT"f[kSMUega^
úûtuTQ I[÷u÷ueRa¿OgQuø [r0vwýMU÷ueROgQuT  Ib\TeRT~NMA~UfëILQfºj1~`KUT"Týf[K`øI[QuOgß"T"xëMT~ f[ù\[TKUý
~UOmjT"M"XW~UtuK`TT,o¿OgQxuM(f[ùQuT   \[T"K~`ORjT"M-ILK`Tf[þu~`ILORQuTcx  tuTQ:TüºT"jkº~UORQuø)IqK`TSQSTziTQ~
M~`T÷PXÒQSI[ziTeRa)~UtuTiQuT  \[T"K~`ORjT"M-ORQSMT"K~`T"x:IY~A~UtuTiziOmxº÷fOgQ~NM  f[ùwf[emx;Tcxºø[TcMX|~`tuT
QuT  \TKU~UOmjT"M(OgQMT"K~`T"x;IL~s~`tuT jTQ~UT"K`M $ fLù@feRx)ùIjTcMX|ILQSx~UtuT,QuT  \TKU~UOmjTcMORQºý
MT"K~`T"x IY~	~`tuTqjT"Q~`KUfORxSM # f[ùfeRx jkuþTcMXéMT"T éORø[kSKUT  j  ^J]GtuT"KUTùµf[K`T[X  T{tSIb\[T
~UtuK`TTAxºO
WT"KUT"Q~z{I[MUoºM^*Sf[K [r z{I[MUoºMX TAMUtuf   ~`tuT	M~`KUkSj~UkuK`TAfLùP~`tuTAz{I[MUoqILQSx
MT"÷SILKNIY~`TeRa:xºTSQuTq~`tuTÚ\YI[egkuTcM	ùµfK~UtSTÚ\[T"K~`ORjT"M X  X $ X2ILQSx # ^ﬀúëT=xºT"KUOR\[T{~`tuT
QuTTcxºT"x![r ziIMoºMiþ¿a jf[Q¿\[fegkº~`OgfQ f[ùs~`tuT 	"r ziIMoºMiORQûILeReG~UtuK`TT;jffK`xuOgQSIL~UT
xºOgK`T"j~UORf[QSM"^u]GtuTDMýegOgùÎ~  
 ﬃ wz{I[MUoºMILK`T-xuTSQuTcxÛþaÚ~UtuOmMxºT"÷uOmj1~UORf[Q %
a b
a
b 3
3
ab 2
2
 	

 


ﬃ



¿l 
  
¿l

  1l 
 

¿l 
  
¿l


ﬃ
 
  



# 
]GtuT 	"r X

rXILQSx [råz{I[MUo¿MI[KUTI[÷u÷ueROgTcxiMORzkueg~`I[QuTfkSMUega~Uf	ku÷|xuIY~`T~UtST\[T"K~`ORjT"M
¿X  X[I[QSx $ XYKUTcM÷WT"j~UOR\[TeRa[^L]GtST  GýeROgùÎ~ 
 ﬃéz{I[MUo¿M2I[KUTxºTSQuT"x þ¿a	~UtSORM@xuT÷uOmj1~`OgfQ %
ab
b
a 3
a b2
2
3
  
ﬀﬁﬂ
ﬃ  ! "#
$%
&' ()
*+
ﬃ


¿l 
  
¿l

  1l 
 


l

  

l

ﬃ


  



  
,.- ö `ðuöï  ¿õ  ﬃ Nò@ñ

 ô ó(ö ö ¿öòï
	(MUOgQuø


Mkuþ|xºOR\¿ORMUOgfQ ORQSM~UT"Ix f[ùsI  kSI[x¿~`KUT"TýþSI[MUT"x MUjNtuT"ziT[X  wTÛf[QSega fþº~`I[OgQ
QuT  \TKU~UOmjTcMIL~w~`tuT	jT"Q~`TKNM $ fLùJfeRxqùI[jT"M  tuTQ=TüºT"jkº~UORQuø{IMUkuþ|xºOR\OmMUOgfQÛM~UT"÷ "
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦`  
IY~(~`tuT,z,Omxº÷Wf[ORQ~`M  f[ù@f[emxT"xºøT"M"XQSfÚ\[T"K~`ORjT"MsILK`TORQSMT"K~`T"xÒX|MUTT MUT"jf[QSx;÷uORj~UkuK`T
OgQ ﬀORø[kuK`T	ÚI[QSx jfzi÷SILK`Ti~Uf éORø[kSKUT  µþ  ^ﬀ]Gt¿kSM"XJQufëxuIY~NIOmMIb\YILOReRI[þueRTqIY~~`tuT
÷fMOg~UORf[QSMGf[ùé~`tuTA\[T"K~`ORjT"M  XSI[QSx  wT	z kSM~Ix('kSM~~UtuT

r ziIMoºMGORQ " I[QSx   ^
uf[K,TQjfºxºORQuø  Og~UteROgQuTcILKivwýMU÷ueROgQuT	 GIb\[TeRT~NMXé~UtST  GýegOgùÎ~{f[÷WTKNIY~`OgfQORMiTüºTý
jkº~`T"x SK`M~"^ ºOgQSjT  wTAtSIb\TsQuf,\YILeRkuT"MIL~G~UtuTA÷WfMUO~`OgfQSM  K`T kuORK`T"x{ùµfKGziIMo   X
 wT=egORQuT"I[KUeRa OgQ~`TK`÷feRIL~UTq~`tuTÛ\bI[egkST"M,IY~~`tuTÛ\[TKU~UOmjTcM ¿^2HJOgQST"ILK OgQ~`TK`÷feRIL~UORf[QOmM
IL÷u÷uK`f[÷SKUOmIY~`T[X¿MORQSjT  T-I[KUTskSMORQuø,egORQuTcILK  Ib\TeRT~NM^¿]GtuOmMI[÷u÷uK`fIjNtÚjNtSILQSø[T"Mwz{I[MUo
 w~`f
 GýeROùÎ~	  
 ﬃ  %


¿l


  
¿l


 
1l

 l


  
 l


 

  	 

Tü¿~cX~`tuTsMýegOgùÎ~f÷T"K`IL~UORf[Q{OmMTüºT"jku~UT"xP^p(øILORQPX wT(tSIb\[TT"Q~UK`OgTcMwIL~~UtST(÷WfMUO~`OgfQSM
 ORQÚz{I[MUo "1^uy(f  wT"\[TKcXL~`tuT  GýeROgùÎ~f÷T"K`IL~UORf[QÚtI[M Î~UtSTf[K`T~`ORj"ILeRega TüºT"jkº~UTcxq~`tuT
	"rDz{I[MUoÛORQ   XPILQSx  TiI[M`MkuziTcx)~UtSIL~A~UtuT,\YILeRkuT"M-IY~-~UtuTi\TKU~UOmjT"M   TK`TeRORQºý
T"ILKGORQ~UTK`÷Wf[emIY~UORf[QMGfLùJ~`tuT	\YILeRkuT"MIL~G~UtuT	\TKU~UOmjT"M ﬂ"º~UtuT"KUTùµf[K`T[X~UtST	\bI[egkST"MIY~~`tuT
\[TKU~UOmjTcM  tSIb\[T-\YILQuOmMtST"xÒ^SnæI[MUo"wjNtILQuøT"Mw~Uf
MýegOgùÎ~ 
 ﬃ  %



l 
¿l
1l

l 
¿l



  
uf[KxºTcjfºxºORQuøSX  T SKNM~TüºTcjkº~`Ts~`tuTMýeROùÎ~f÷T"K`IL~UORf[QP^ºhKUORf[Kw~Uf{Tü¿Tcjkº~`OgQSø ~`tuT
MýegOgùÎ~f[÷WTKNIY~`OgfQ:f[ù~`tuT{TQSjfºxºOgQSøSXÒ~`tuT{\YILeRkuT"M	IL~	~UtuT{\TKU~UOmjT"M  tSIb\T,\YI[QuORMUtuTcxÒX
þukº~-~UtuTiMýeROùÎ~Af[÷WTKNIY~`OgfQ Î~`tuTfKUT~UOmjILeReRa TüºT"jkº~UTcx)~UtST 	cr z{IMo)ORQ "1^ÒyT"QSjTX
~UtuT\YILeRkuTcM@IY~~`tuT\[T"K~`ORjT"M  ILK`TGQuf   øOg\TQ,þa egORQuTcILKORQ~`TK`÷feRIL~UORf[Q,fLùW~UtuT\YI[egkuTcM
IY~~UtuT-QuTORø[t¿þWf[K\[T"K~`ORjT"M $ zkueg~UOR÷ueROgTcxÚþ¿a,~UtSTsùIj1~`f[K


,fLùP~`tuT 	"r z{I[MUo,ORQ "  ^
ú:T	K`TQSI[ziTs~`tuTAùI[j~UfK	
i~Uf 
qI[QSx)xºTK`OR\[TsùµKUfz z{I[MUo "w~UtuT	QuT   z{IMo
MýeROùÎ~ 
 ﬃ  %


l



 
  
¿l




 
1l

l



 
  
¿l




 





éORQSI[egeRa[Xº~`tuT  GýegOgùÎ~f[÷WTKNIY~`OgfQ=OmMTü¿Tcjkº~`T"xI[øILORQP^u]GtuTMýegOgùÎ~(xºT"jfºxºOgQSø{f[÷WTKNIY~UORf[Q
tSI[M µ~UtuT"f[K`T~UOmjI[egeRa ,IL÷u÷ueRORT"x ~UtuT 	cr&z{I[MUoOgQ "1^ ºOgQSjT)~UtuT 	cr z{I[MUoOgQ   
IL÷u÷ueRORT"x)þ¿aq~`tuTMýeROùÎ~-xºT"jf¿xuOgQuø{f÷T"K`IL~UORf[QÛORM~UtuTOgQ¿\[T"K`MUTAfLùﬀ~UtuT+	"r z{IMo=OgQ   
IL÷u÷ueRORT"x)þ¿aÚ~`tuT MýegOgùÎ~sT"QSjfºxºORQuø{f[÷WTKNIY~`OgfQPXu~`tuT\YILeRkuTcM(IY~(~UtuT \[TKU~UOmjTcM  I[KUT	~`tuT
MUI[z,T	IMGþTùµf[K`Ts~`tuT	TüºTcjkº~`OgfQ=f[ùJ~UtST"MUTs~  f{MýeROùÎ~f÷T"K`IL~UORf[QSM"X¿O^UT[^RX¿~UtuT"aÚ\YILQuOmMUtP^
]GtuT"MUT	jf[QMOmxºTKNIY~`OgfQSMGxºTQuTI,QuT  z{I[MUoÚxºTK`OR\[T"xÚùµK`f[z z{I[MUo 1XSø[OR\[TQ=þ¿a
 GýeROùÎ~ 
 ﬃ  %


l 
¿l

l

l 
¿l


 	
 

QÚ~`tuT

r j"I[MUT[X¿~`tuT	z{I[MUo¿MGI[KUT	I[MGQILK`KUf   IM~UtuT"a=jI[Q=þWT[^
Í 
Å

Å
N,`"¦Î»
¿ô ð `òñ ð    õ   
Q+ﬀOgøkuKUT 	¿X  T÷uK`fY\¿ORxuTILQ{TüuI[z,÷SegTùµfK


MUkuþ|xºOR\OmMUOgfQqILQSx

r  GIb\[T"egT~`M"^[]GtuT
f[K`OgøOgQSI[eMkuKUùI[jT{Mtuf  QëORQ ﬀORø[kuK`T 	 I sKUTcMkSe~NM-ùµKUfz M`ILzi÷ueROgQuøI

r _AILkSM`MOmILQ
ùµkuQSj1~`OgfQqIY~ !l\[T"K~`ORjT"M"^L]GtuT(MUkuKùIjTGOmMTQSjfºxºT"xiILQx,xuT"jfºxºTcxiILøI[OgQJ^YQ éORø[kSKUT
	 µþ 1X  TiMUtuf  IÛjfILKNMT egT"\[T"efLùwxºT~`I[Ogefþº~`I[OgQuTcxæþ¿a


ýMUkuþWxuOg\¿OmMORf[Q  Ib\TeRT~`M"^
Q ﬀOgøkuKUT
	 j 1X  wTÚMUtuf   ~UtuTÛMUI[ziTqegT"\[T"efLùxºT~`I[Ogef[þº~NILORQuT"x  tSTQ jf[zþSOgQuORQuø
þuOgeRORQuT"I[K,vwýM÷ueRORQuT  GIb\[T"egT~`M ILQSx
 
MUkuþWxuOg\¿OmMORf[QORQ ~UtuT	 Iba xºTcMUjKUORþWT"x ORQ ~`tuT
÷uKUT"\¿OgfkSMMTcj1~`OgfQP^

	

  ﬂ

ÖuÖ
µc
ß à
ØÈu[£[c=m"NNéÎÈºNNL[1Û¿ÚN`L1ÚÈL¥
ß à
ØÈu[£Lc
Æ21£bN¦`º¿ÚÎ2È¦1wèéØ¦GÆ1£bN¦`N»
Q$ﬀOgøkuKUT 	 µþ 1XW~UtuT fY\[T"KýwI[QSxkuQxºTKNMtSff[~`MsjILkMTcx)þaÛ~`tuT


ýMUkuþWxuOg\¿OmMORf[Q
 Ib\TeRT~`MjI[Q=þWTAKUTcjfø[QuORßTcxÒ^ 
(fifY\[TKUýILQSxÚkuQSxºT"K`MUtuf¿fL~NMI[KUT-\¿ORMUORþuegT  tuT"QÛjf[z,ý
þuOgQSOgQuø
 
MUkuþWxuOg\¿OmMORf[Q  Og~Ut)egORQuTcILKvwýMU÷ueROgQST  GIb\[T"egT~`M"XºMT"T&ﬀORø[kuK`T 	 j 1^
ú:TI[eRMUf{tSIb\TxºT\TeRf[÷WT"x)I{eROùÎ~`OgQuøÛMUjNtSTziTAùµf[K-jkuþuOmjvwýM÷ueRORQuT  GIb\[TeRT~NMXºþSkº~
~UtuTiz{I[MUoºMsI[KUT QufL~	I[MsQSILK`K`f   IM-OgQæ~UtuTieROgQuTcILKAjIMTXS~`tuKUT"T ORQSM~UTcI[x;f[ù@~  fÚeROùÎ~Uý
OgQuøiM~UT÷MILK`TsK`T kuORKUTcxÒXºMT"T 

XuILQSxPXºz,fM~GORz,÷Wf[KU~`I[Q~UeRa[XºfY\[T"Ký2ILQSx=kuQSxuTKNMtuf¿f[~`M
IL÷u÷WT"I[KI[øILORQP^ ¿OgQjT-egORQuT"I[KwvwýM÷ueRORQuT  GIb\[T"egT~`M"XjfQ~UKNILK`a~`f jkSþuORjsf[QST"M"XtSIb\TORQºý
~UTK`÷Wf[emIY~UORQuø,MUj"ILeROgQuøùµkuQSj~UORf[QSM"XºOgQ~`TK`÷feRIL~UORQuøK`TSQSTziTQ~ Se~`TKNMGILK`T(ø[kILKNILQ~UT"T"xÒX
MT"T 
	

XuO^T^gXSQufifY\[TKUý@ILQSx=kuQSxuTKNMtuf¿f[~`MjI[QÛI[÷u÷WT"ILKc^
uf[KA÷uK`f[øKUTcMUMUOR\[T\¿OmMkILeROgßcIY~UORf[QJXWT^ø^  tSTQ ø[T"QuTKNIY~`OgQuøÛORziI[ø[TcMs÷SKUfø[K`T"M`MOR\[T"ega
þa:egfI[xºORQuø;xuIL~`IÛùµK`f[z MeRf   Tü¿~UTK`QSI[e@ziTzif[K`aæfK\¿ORI)Q~UT"KUQST~"XP~UtuTÚM~UfK`I[ø[TifLù
\bI[egkST"Mqj"ILQûþWT;KUT"f[K`øI[QuOgß"T"xI[MqMUtuf  Q ORQéORø[kSKUT S^wh@K`f[øKUTcMUMUOR\[TÚ\¿OmMkILeROgßcIY~UORf[Q
M~NILKU~`Miþ¿akSMUOgQSø ~UtuTku÷S÷T"KqegTùÎ~ÚþueRfºjNoOgQ~`tuTKUORø[t~{÷uOmj1~`kuKUTX~UtSTQûI[xuxuOgQuø ~`tuT
ku÷u÷WTKK`ORø[t~þueRfºjNoWXﬀILQSxPX SQSI[egeRa[XﬀI[xuxuOgQuø;~UtuT=egf  TK	þueRfºjNo|^ T"f[KNxºTK`OgQSøTQSMUkuK`T"M
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦` ÍcÍ
~UtSIL~(xuIY~NI,j"ILQÛþT	K`T"IxÚORQIijf[Q~`OgQ¿kufkSMGM~`KUTcILz  Og~Utufkº~K`T"I[xuOgQuøixuIL~`I,zkueg~UOR÷ueRT
~UORz,TcM^
reorder reorder
progressive
visualization
progressive
visualization

Ö SÖ
wN`	sm[c"`£c£["¦Ü1cS»

- ö `ðuöï  ¿õ  ﬃ Nò@ñ

 ¿ôósöﬀöﬁ¿öòï
Qq~UtSORMMUT"j~UORf[QPX wT-ø[T"QuTKNILeRORßT~`tuTAORxºTcI[MwfLù/ºT"j1~`OgfQ ~Uf ~UtuT&[r j"I[MUT[^ T"j"ILeRegORQuø
~UtuTGM~`T÷SMﬀf[ùI
 
ýMUkuþ|xºOg\¿OmMORf[Q MUjNtuT"ziTxºT"÷uOmj1~UTcxORQ ﬀORø[kuK`T SXcILùÎ~UT"Ké~`tuTTüºT"jkº~UORf[Q
fLùJ~`tuT	xºO
WT"KUT"Q~(M~UT"÷SMGxºO
WT"KUT"Q~o¿ORQSxuMGf[ùé÷Wf[eRatST"xºKNILeÒMUtSIL÷WT"MGILK`OmMTX¿MUTTﬀORø[kuK`T ^
]GtuTK`TùµfKUTX  wT	tIb\[TA~UfqxuORM~UORQuø[kSORMUtþT~  wT"TQ)~`tuTxºO
WT"KUT"Q~sM~`T÷SM"^]GtST	ùµf[eRegf  ORQuø
xºT"M`jK`Og÷u~UORf[Q M~NILKU~`M  Og~Ut ~UtSTqMOg~UkSIL~UORf[Q MUtuf  Q:ORQë~UtuTqMUT"jf[QSxë÷uOmj1~`kuK`T{fLù éORø[kSKUT
 	

1Xﬀ÷uKUfºjTT"xSM  Og~Ut ~`tuT=MUO~`kSIY~`OgfQMtSf  Q OgQ ~`tuTq~`tuORK`x ÷uOmj1~`kuK`TÚfLù
éORø[kSKUT& ﬀﬁ  XuILQSx SQSILeReRai~UK`T"IY~NMw~UtuT	MUO~`kSIY~`OgfQ=MUtuf  QqORQÚ~`tuT-ùµf[kuKU~Ut=÷uORjý
~UkuK`TfLù ﬀOgøkuK`T  ﬁﬂﬃ ﬁ  X  tuOmjNtiORM@~Uf[÷Wf[eRf[øORj"ILeRega	T kuOg\YI[egT"Q~~`fA~UtuTsMOg~UkSIL~UORf[Q
Mtuf  QÛORQ=~`tuT SKNM~÷uOmj1~`kuK`T	fLù/ﬀORø[kuK`Tu^
!#"%$
'&)(+*%,
$
!-/.
$'0
]éfÚ÷WTKUùµf[K`z eROgQST"ILK-vwýMU÷ueROgQuT  Ib\TeRT~T"QSjfºxºORQuøÚORQ~`tuT MUO~Uý
kSIY~`OgfQåMtSf  QûOgQå~UtuTëMTcjf[Qxû÷uOmj1~UkSKUT:fLù ﬀOgøkuK`TﬂuX  T SKNM~ÛTüºT"jkº~UTëI  GýegOgùÎ~
f[÷WTKNIY~UORf[QJ^S]GtuTK`TùµfKUTX  wTI[÷u÷ueRa=z{IMoºMGþWTORQuøÚMUOgziOReRI[K~Uf{z{I[MUoºMORQ    XMUkuþ*'Tcj1~
~Ufi~UtSTAjf[QSM~UKNILORQ~G~UtSIL~Qufi\bI[egkST"MILK`T	Ib\YILOReRI[þuegTAIY~~`tuT	\[T"K~`ORjT"M  ILQSx $ ^
TøILKNxºOgQSøæ~`tuT;M~`KUkj1~UkSKUTcMifLùsz{IMoºM  1X  TI[M`MkSz,TÛ~`tSIY~{~`tuT\YILeRkuT;IY~qI
\[TKU~UTü  OmMxºTQuT"xÛþ¿aÚeROgQST"ILKORQ~UT"KU÷Wf[emIY~`OgfQ=f[ùé~`tuT	\YILeRkuT"MIL~~UtuTA~  fi\[T"K~`ORjT"M 
  Og~Ut  tuORjNtæ~UtuT,\[T"K~`Tü  MUtSI[KUTcMsI[QæT"xuø[T  XWI[QSx~`tSIY~-~UtST,\YI[egkuTiIY~AIÚ\TKU~UTü $
ORMsxºTSQST"x)þ¿a=þSOgeROgQST"ILKsOgQ~`TK`÷feRIL~UORf[Q)fLù2~UtST\YILeRkuT"M(IY~~`tuTùµfkuK\[T"K~`ORjT"M    Og~Ut
 tuORjNt ~`tuTÚ\TKU~UTü $ MUtSILK`T"M I)ùI[jT 1^ﬃsQuTqfþº~`I[OgQSM~UtuT=z{I[MUo  GýegOgùÎ~ 	  
 ﬃ  X
xºT÷uOmj1~`T"x)I[M
b3
_3
2
_
4
3a +3 2 2a b+ ab
]GtuTsz{IMoºMþT"OgQSøiI[QSILeRf[øf[kSM@~Uf,~UtST

r ILQSxﬂ	"r z{I[MUoºMORQ   I[KUT-f[QueRa

I[÷ºý
÷uegORT"xÛ~`tuTfKUT~UOmjI[egeRa[^ {yf  T\TKcXuMORQSjT~UtuT \bI[egkST"MIL~~UtuT \[T"K~`ORjT"M  I[KUTIMUMUkuziT"x
~Uf	þWTegORQuTcILK@ORQ~UTK`÷Wf[emIY~UORf[QM2fLù|~UtuT(\bI[egkST"M@IL~~UtuT\TKU~UOmjTcM XI[QSxiMORQSjTG~UtuT\YI[egkuTcM
IY~2~UtuTG\TKU~UOmjT"M $ I[KUTGI[M`MUkuziT"x	~`fsþWTGþuORegORQuT"I[K2OgQ~UT"KU÷Wf[emIY~`OgfQSMﬀfLù~UtuTG\YILeRkuT"M2IL~ﬀ~`tuT
\[TKU~UOmjTcM ºX~UtuTA\YILeRkuT"MGIL~w~`tuTs\TKU~UOmjTcM  ILQSx $ \YILQSORMUtP^º]GtuTK`TùµfKUTX[~`tuTAz{I[MUo ùµfK
~UtuTsQuTü¿~MýegOgùÎ~wf÷T"K`IL~UORf[QPX  tSORjNtqOmMI[QÚILQILeRf[ø[kSTfLù|~UtuT [r z{I[MUo ORQ  1XKUTcxºkSjT"M
~Ufi~UtST-z{IMoÚMýegOgùÎ~ 
 ﬃ  XSxºT÷SORj~UT"x)IM
Í à
Å

Å
N,`"¦Î»
b3
a3
pøI[OgQJXb~UtuTI[QSILeRf[øf[kSMﬀ\[T"K`MUORf[QSMﬀfLù~UtuT

r ILQx 	cr z{I[MUo¿M2ORQ   2ILK`TfQueRaIL÷u÷SegORT"x
~UtuT"f[K`T~UOmjI[egeRa[^
uf[Ks~UtSTixuT"jfºxºORQuø)M~`T÷PX  T,M~`I[K~  Og~Ut;~`tuT{MýeROùÎ~Af[÷WTKNIY~`OgfQPX|O^T^gX  TiI[x('kSM~
ziIMo    ^éysIb\ORQuø Î~`tuTfKUT~UOmjI[egeRa AIL÷u÷ueRORT"x:~UtuT

r ILQx	cr z{I[MUoºMAOgQ #   Og~Ut
\bI[QuOmMtuORQuøë\YILeRkuT"M{IL~,~`tuT)\[T"K~`ORjT"M  I[QSx $ X2~UtuT)\YILeRkuT"MiIL~,~`tuT)\[T"K~`ORjT"M $ I[KUT
egORQuT"I[KAOgQ~UT"KU÷Wf[emIY~`OgfQSMsfLù~`tuT,\bI[egkST"MAIY~A~UtST,QSTORø[t¿þfKs\TKU~UOmjTcM # XÒz kue~`Og÷SegORT"x:þ¿a
~UtuTwùI[j~Uf[K


WXYILQx	~UtSTw\YILeRkuTcMéIL~é~`tuTw\TKU~UOmjTcM  ILK`TþuOReROgQuTcILKﬀOgQ~`TK`÷feRIL~UORf[QSMéfLùu~`tuT
\bI[egkST"MGIY~G~UtST-QSTORø[t¿þfKw\TKU~UOmjTcM # Xºz kueg~UOR÷uegORT"x=þ¿ai~UtuT-ùIj1~UfK 
¿lL^uva{K`TQSI[z,ORQuø
~UtuTAùIj1~UfK	
i~Uf 
WX  T	f[þº~NILORQÚ~`tuT	z{I[MUoÚMýeROùÎ~	  
 ﬃ  XSxºT"÷uORj~UTcxÛIM
b3
a +  3 2 2 23 3
__
aa b+ a ab
pøI[OgQJXb~UtuTI[QSILeRf[øf[kSMﬀ\[T"K`MUORf[QSMﬀfLù~UtuT

r ILQx 	cr z{I[MUo¿M2ORQ   2ILK`TfQueRaIL÷u÷SegORT"x
~UtuT"f[K`T~UOmjI[egeRa[^ ¿ORQSjTw~`tuTz{I[MUoºM # éfLù~UtuOmMMýeROùÎ~f÷T"K`IL~UORf[Q I[KUTw~UtSTORQ¿\[T"K`MUTwz{IMoºM
fLù@~`tuT z{IMoºM   (fLù~UtuTiTQjfºxºORQuø=MýeROgùÎ~Af÷T"K`IL~UORf[QPX~UtST \TKU~UOmjT"M  I[QSx $ tSIb\[T
~UtuT"OgK-ùµf[K`ziTK-\YILeRkuT"MAI[M`MUOgøQuT"x;I[øI[OgQPXWO^T[^RXW~UtuTi\YILeRkuTcMs\YI[QuORMUtP^ÒyT"QSjTXW~UtuTiz{I[MUo
ùµf[KA~UtST QSILe  GýegOgùÎ~f[÷WTKNIY~`OgfQPX  tuOmjNtëOmM-~UtST,z{IMo;þWTORQuøILQILeRf[ø[fkSM(~UfÛ~UtuT r
ziIMoÚOgQ  1XuK`T"xukSjTcM~Uf,~UtuT	z{IMo
b3
a
3
QÚ~`tuT [r j"I[MUT[X¿~`tuT	z{I[MUo¿MGI[KUT	I[MGQILK`KUf   IM~UtuT"a=jI[Q=þWT[^
!#"%$ 
- !
$
!- .
$'0
úûtuT"Q=I[÷u÷ueRaORQuøeRORQuT"I[KwvwýMU÷ueROgQST Ib\TeRT~@T"QSjfºxºORQuø	~`f~UtSTsMUO~`kºý
IY~UORf[QqxuT÷uOmj1~`T"xqORQ{~`tuT~`tuOgKNx{÷uOmj1~`kuK`T(fLù ﬀORø[kuK`T SX  TtSIb\T~Uf ziI[o[T(MUkuK`T~UtIY~  T
xºf)QufL~\¿ORf[emIY~UT ~UtSTqI[M`Mkuzi÷º~`OgfQSMAz{I[xºT,ùµfKA~UtuT{\f[eRkuziT,j"I[MUT[^ÒúëTqI[M`MkuziT,~UtIY~
~UtuTq\YI[egkuTcMIY~	~`tuTq\TKU~UOmjT"M $ ILK`TiþuORegORQuT"I[KORQ~`TK`÷feRIL~UORf[QSMAf[ùG~UtuT{\YILeRkuTcMIY~~`tuT
QuTORø[t¿þWf[K\TKU~UOmjT"M ^2]GtkMX  tuTQ ~`tuTÚ\YILeRkuTcMIY~~UtuT=\[TKU~UOmjTcM $ ILK`TqIb\YILOReRI[þueRT[X
~UtuT"OgK\YILeRkuTcMMUtufkueRx=þWTAjf[zi÷ukº~`T"xÛf[QSegaiùµK`f[z ~`tuTA\YILeRkuT"MGIY~G~`tuT	\[T"K~`ORjT"M ¿^u]GtuOmM
OgQSMUORø[t~,eRT"Ib\T"MkSM  O~`t~`tuT

r jIMTXﬀI[QSx  TÛj"ILQIL÷u÷ueRa z{I[MUoºM  	   	
 
fLù
¿T"j~UORf[Q º^
!#"%$ $'$
! -/.
$)0
úûtuTQ IL÷u÷Sega¿ORQuø eROgQST"ILKÛvwýMU÷ueROgQuT  Ib\TeRT~ÚT"QSjfºxºORQuø ~`f ~`tuT
MOg~UkSIL~UORf[Q ORegeRkSM~UKNIY~`T"x ORQ ~UtuTqùµf[kuKU~Ut÷SORj~UkuK`TqfLù ﬀORø[kuK`T+uX  wTÚzkSM~Quf[~ \¿OgfeRIL~UT
~UtuTiI[M`MkSz,÷u~UORf[Q~`tSIY~-~UtuT,\YILeRkuT"M-IY~s~UtuT,\[T"K~`ORjT"M  ILK`TeRORQuT"I[KsORQ~UTK`÷Wf[emIY~UORf[QMfLù
~UtuT,\YILeRkuT"M-IY~s~UtuT QuTORø[t¿þWf[K-\[TKU~UOmjTcM ^|úûtuT"Q;~`tuT\YILeRkuTcMsIL~(~UtST \TKU~UOmjT"M  I[KUT
Ib\bI[OgemILþSegTX~UtSTORKé\YILeRkuTcMJMUtuf[kuemx	þWTwjf[zi÷ukº~`T"xfQueRa(ùµK`f[z ~UtST\YILeRkuT"MﬀIY~é~UtuTw\[T"K~`ORjT"M
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦` Í1ä
¿^]GtSORM(OgQSMUORø[t~(eRT"Ib\[TcMkSM  O~`t)~UtuT 	"rj"I[MUT[XWILQSx  TjI[QIL÷u÷ueRaÛziIMoºM  	 ILQSx


f[ù ¿Tcj1~`OgfQ ^
~AOmM	I)MORø[QSO j"ILQ~I[xº\YI[Q~NILøTfLùGf[kSKAM`jNtuT"z,T,~`tSIY~A~UtSTiùI[jT{I[QSxæTcxºø[T{j"I[MUT"M
jfY\[T"KGQSIY~`kuK`I[egeRa{þWf[kuQSxSILK`a{ùI[jT"MILQx=þWf[kSQSxuILK`aqTcxºø[TcMwf[ùé~`tuTxºfziI[OgQJ^
 ¿ô ð `òñ ð    õ   
Q~UtSORMﬀMTcj1~`OgfQPX  TGjf[zi÷SI[KUT@~UtuTwKUTcMkueg~`Méf[þu~`ILORQuTcx	þ¿aIL÷u÷ueRa¿OgQSø(I



ýMUkuþWxuOg\¿OmMORf[Q
zkueg~UORKUTcMfegku~UORf[Q{MUjNtSTziT  O~`tqILQSx  Og~Utufkº~@~UK`ORegORQuT"I[K@vwýMU÷ueROgQuT  GIb\[T"egT~TQSjf¿xuOgQuø^
¿OgQjT  T  I[Q~{~`fMtSf   tuf  0f[kuK  GIb\[T"egT~`MiORzi÷uKUfY\T)Ogz{ILøT  kILeRO~aIY~ÚI eRf  
KUTcMfegkº~`OgfQPXuILeReÒTüuI[z,÷SegTcMILK`Ts÷uK`fY\¿ORxuT"xÛIY~I{jfILKNMTsegT"\[TeJfLùﬀxuT~`I[Oge^

	   

ÖSÖ
ﬀc	

ß à
ØÈu£Lc¾`U¾Y¥	Æ@¤¾"µcﬀ"Æ@¤¾ÚÎÈºJ¦1èéØ
¦Æ1£bN¦`N»[¡L¾1Æ@AP¾"	"ÎNUê[`1sgc ¾¦N£b`¦"S[`"¦[Æ@¾
[1Æ@"	¦c
à
»L
 
w`|Nc[N¥"º¡u» Y`c`1§cÂwÈ[N¦ w"¦`
¿ŁY`"ìY£bG¡L¥[N	c§
¢
£b`¤¥é¡Lc1§Ä`L¥
]GtuT,xSIY~`IÛMUT~	kSMUT"x:OgQ ﬀOgøkuKUT

ORM	I

!kSQuOùµfKUz KUTcj1~UOReROgQuTcILKAø[K`OmxÒXÒILQSx:IY~
T\[T"KUa,\[T"K~`Tü,f[QuT-MUj"ILemILK@\YILeRkuTsþT~  wT"TQ
 
I[QSx

!-OmMøOg\TQP^]GtuTsxuIL~`IMUT~KUT"÷uK`Tý
MT"Q~NM@I

þWf[QSM`ILO¿~`KUT"TMfegOmxÒ^ s~  IM2f[þº~NILORQuT"x þ¿a jfzi÷ukº~UT"K2~Ufz,fø[KNIL÷ut¿a^(Sf[K~`tuT
\OmMUkSILeROgßcIY~`OgfQfLùW~UtSTþWf[QMUI[O¿~UK`TT[X  TGTü¿~UKNI[j~UTcx I[QSxK`TQxºTK`T"x~UtuTGOmMfMkSKùIjTGjf[KUý
KUTcM÷Wf[QSxuOgQuø~Uf~`tuT(\YI[egkuT+
 
X  tuOmjNt  GI[M@øTQuT"K`IL~UTcxiþa,~`tuT(z{ILKNjNtuORQuøLý~UT~UKNILtuTcxºKNI
ILeRø[f[K`Og~Utuz xºTcMUjKUORþTcxåORQ 

^peReA~UtuT ÷Wf[eRa¿tuT"xºKNILe	MUtSIL÷WT"MÛORQ ﬀORø[kuK`T tSIb\T:I
kuQuO  kST)MUkuþ|xºOR\OmMUOgfQORQ~Ufë~UT~UKNILtuTcxºKNIæI[j"jfK`xºORQuø:~Ufë~UtSTegfQuø[TcM~UýTcxºø[T=þuORMUT"j~UORf[Q
KUTSQuTziT"Q~c^ﬀ]Gt¿kSM"X2ILeRe\¿ORMUkSI[egORß"IL~UORf[Q ziT~`tufºxuMþI[MUT"x f[Q~UT~`K`I[tuT"xuK`ISXJORQSjeRkSxºORQuø
~UtuTAzif[K`T-MUf[÷StuORM~UOmjIL~UTcx{ORMUfMUkuKUùI[jTýTü¿~UKNI[j~UORf[Q{ziT~`tufºxuMGOgQ  SX

XºjfkueRx=þWTAI[÷ºý
÷uegORT"xP^
éORø[kSKUT

IPMUtuf  MJ~UtuTORMUfMUkuKUùI[jT@Tü¿~UKNI[j~UTcxAùµKUfz I(jfILKNMUT@egT"\[T"ef[ùxºT~NILORe¿fLùSI



ýMkSþWxºOR\¿ORMUORf[QituORTKNILKNjNta  O~`tuf[kº~wkSMORQuø  GIb\[T"egT~`M"^ﬀOgøkuKUT

µþ @Mtuf  Mﬀ~`tuT(M`ILziT
ORMUfMUkuKUùI[jTÚTü¿~UKNI[j~UT"xëùµK`f[z ~`tuT=M`ILziTÚeRT\TefLù(xºT~`I[OgeX  tSTK`T=I 
 
ýMUkuþWxuOg\¿OmMORf[Q
Í  Å

Å
N,`"¦Î»
 
Ó ¿Ö
Y"Ø	1ØâY¿Ò`"Sm"¾NP`ê	¦NWu`NY¦`£bN¦W[`c¦c
Æ@¤¾c(mÆ
	Y" Æ@¤¾)mÆ
	cﬀ¦1èéØ¦GÆ21£bN¦`N»
  ﬁﬀ  ﬂﬃ 
V"!
	#$
VUV
 
Vl
 ﬂﬃ %ﬀ'&
Vl
)( *,+'- *.+ *.+- *.+ *,+'- *.+
 /10
- 2
 /1
#)3
l

V54 6
ﬀﬂ7
V54 8
ﬀ)7
l94 : *
7
l4 8ﬂ:
7
V54 66
7
V54 8ﬂ6
7
V`V)4 :!
7
lﬂ; 4 < 
7
4 V 
7
94 : *
7
4 * <
7
* 4 l
ﬀ)7
4
ﬀ
!
7
Vl94 `l
7
lﬂ= <4 !Nl
7
84 !ﬂ8
7
894 !)6
7
* 4 <1V
7
64 <'!
7
<4
ﬀ
:
7
Vl94 <
ﬀﬂ7
l5>ﬃ? :4
ﬀﬂﬀﬂ7
64 8NV
7
<94 : *
7
<4 lﬂ8
7
V"!4
ﬀ
*
7 ﬀ
4
ﬀ
!
7
V 94 l`l
7
l5>ﬃ@ Vl94 lﬂ<
7 ﬀ
4 < *
7 ﬀ
4 l 
7
:4 6`l
7
V * 4 ﬂ8
7
Vl94 61V
7
V"84 NV
7
tuOgT"K`I[K`jNt¿a  IMjfzþuORQuTcx  O~`tq~`tuT(~`KUOReROgQuTcILKvýMU÷uegORQuT  Ib\TeRT~M`jNtuTziTsxuT"M`jK`OgþWT"x
OgQë~UtST{÷uKUT"\¿OgfkSM	MTcj1~`OgfQP^P]GtuT{K`T"MUf[eRkº~UORf[QëORMQufL~	tuORø[t TQSf[kuøtæ~`fKUT"÷uKUTcMT"Q~-~`tuT
SQuT"M~xºT~NILOReRM"XÒeROgoT,þSK`I[QSjNtuT"MAI[QSx~  ORøM"XÒþukº~A~UtSTqIb\[TKNILøOgQSøÚM~`T÷SMAf[ùI  Ib\TeRT~
TQSjf¿xuOgQuø{jegTcILK`egaqeRT"IxuM~UfiþWT~U~UTKsIL÷u÷uK`fbüºOgz{IL~UORf[QSM"^
]Jf  kSI[Q~`OùµaÚ~UtuT Ogzi÷uK`fY\[T"ziTQ~OgQ;I[÷u÷uK`fbü¿ORz{IY~`OgfQ  kSI[egOg~a[X  Tjfzi÷ukº~UTcxILQ
IL÷u÷uK`fbüºOgz{IL~UORf[QqT"KUK`f[Kùµf[KGTcI[jNt)jfI[K`MUTKeRT\[T"e|fLùﬀI[÷u÷uK`fbüºOgz{IY~`OgfQÚþ¿aÚjf[zi÷SILK`ORQuøOg~
~Uf;~`tuTÛf[K`OgøOgQSI[eXJtuOgøtuT"M~ K`T"MUf[eRkº~`OgfQ egT"\[Te^_-Og\TQ ~`tuT=fKUORø[ORQSI[eùµkuQSj~UORf[QBA&xuORMý
jK`T~UT"egaÛþ¿aMUI[z,÷SegT\YI[egkuTcM(IL~seRf¿j"IY~`OgfQSMDCFEX,GH 	 ﬃ FI  
	 ﬃ-FJ  
	 ﬃ FKX  TkSMUT"x)~`tuT
KUf¿fL~UýziTcILQºýM- kSI[KUTsTK`KUfK
LNMFOQP
#SR
	

I

J

KUT
E
VA C
E
!XW ﬃC
E
 
l
ﬃ
 tuTK`TYW CFE )xºT"QufL~`T"MÛ~UtSTIL÷u÷uK`fbüºOgz{IL~UT"x ùµkuQSj~UORf[Q \YILeRkuT f[þº~NILORQuT"x þ¿aû~UK`OgeRORQºý
T"ILK)ORQ~UTK`÷Wf[emIY~UORf[Q IL÷u÷SegORT"xå~UfûI

jT"ege  OgQ ~UtuTjfI[K`MUTK=egT"\[Te	f[ù K`T"MUf[eRkº~UORf[Q %wù
W OmMæxºTSQuTcx IY~:jf[K`QuTKeRfºjIY~`OgfQSM[Z]\ # ^5\ﬂ_ I ﬃ^5\_ J ﬃ^5\ﬂ_ K 1XAILQx Ogù`CFE,ORMæOgQMOmxºT
~UtuT)ORQ~`TK`\YILe  ^
\_ I
ﬃ'^
\ ab
>
_ I
 ^
\_ J
ﬃ^
\ ab
?
_ J
  ^
\ﬂ_ K
ﬃ'^
\ ab

_ K
1X~`tuTIL÷u÷SKUfbüºORziIL~UTcx ùµkuQSjý
~UORf[Qq\YILeRkuTUW C
E
@KUTcMkueg~`M@ùµKUfzD~UK`OgeROgQST"ILKwOgQ~`TK`÷feRIL~UORf[Qqf[ùÒ~UtuTsTORø[t~jf[K`QuTK@\YI[egkuTcM
W Z
\
 ﬃ
  
ﬃ)W Z
\ adc
1^
]éI[þuegT 	eRORM~`Mé~`tuTwK`f¿fL~UýziT"I[QºýM- kSI[KUTT"KUK`f[KNMPf[ùº~UtuTGMtSf  QTüuILzi÷ueRT"MﬀIY~2\YILK`OgfkSM
egT"\[TemM=fLùK`T"MUf[eRkº~UORf[QP^úëTëM`jI[egTcx~UtuTëKUf¿f[~ýz,TcILQºýM  kILK`TTK`KUfK{~Uf ~UtuT:OgQ~`TK`\bI[e

 
ﬃ 	^2]GtuT

xºf  QSM`ILzi÷ueROgQSøæKNIY~UORf  ﬃef ,OmMixºTQuT"xI[M~UtuT)fKUORø[ORQSILewQ¿kuzþWTKifLù
\[TKU~UOmjTcMxºOR\¿ORxuT"xqþ¿a ~UtuT-Q¿kuzþWTKfLùP\TKU~UOmjTcMIY~w~UtuTskSMUT"xÚjfI[K`MUTKK`T"MUf[eRkº~UORf[QJ^ Sf[K
ILeReºTüuILzi÷ueRT"MI[QSxiILeReºKUTcMfegkº~`OgfQSM"X  Tf[þu~`ILORQuTcx MUz{ILeRegT"KKUf¿fL~UýziTcILQºýM- kSI[KUTTK`KUfK`M
 tuTQ kSMORQuø(~UK`OgeROgQST"ILK2vwýMU÷ueROgQST  GIb\[TeRT~NM^c]GtuTeRIM~ﬀKUf   fLùS~UtuTw~`I[þuegT  kSILQ~UOSTcMJ~`tuT

ORz,÷SKUfY\TziTQ~
Aþ¿a,egOmM~UORQuø~`tuTsIb\TKNILø[TGT"KUK`f[K@K`T"xukSj1~`OgfQ{ùµf[KwT"I[jNtqxuf  QSMUI[zi÷uegORQuø
K`IL~UORfS^ºúëT	KUTcjf[øQuORßTs~UtSIL~~UtuT	ORzi÷uKUfY\TziTQ~GOgQjK`T"I[MUT"MwùµfKjfI[K`MUTKK`T"MUf[eRkº~UORf[QSM"^
éORø[kSKUT 	
 
MUtuf  MGIiþuOgfziT"xºOmjI[eÒTüuILzi÷ueRT[^u]GtuT	xuIL~`IiMUT~K`T÷uK`T"MUTQ~`MGI,t¿kuz{ILQ
þuK`I[OgQJ^S~sOmMøOg\TQI[M 	 {MeRORjT"M"XI[QSx)T"IjNt;MeRORjTtSIM(I{K`T"MUf[eRkº~UORf[Q)f[ù 	
 

 hg 
	
 
÷fOgQ~`M"X  tuTK`T

LýþuOg~ _AvýjfegfK(ORQºùµf[K`z{IY~`OgfQ;ORM-M~Uf[K`T"xP^W]GtuT,f[K`ORø[ORQSILeﬀxuIY~NIÚMUT~
 IMP÷uK`T÷uK`fºjTcMUMUT"x  O~`t IMUTøziTQ~`IL~UORf[Q	ILeRø[fKUOg~Utuz xºT"M`jK`ORþTcx	OgQ  
 
[~`f(TeRORz,ORQSIL~UT
Quf[OmMT^JúëTÛI[÷u÷ueROgTcx ~UtST  GIb\[TeRT~,MUjNtuT"ziT{~Uf:T"I[jNtjf[eRf[K,jNtSILQuQSTeORQSxºT"÷T"QSxºT"Q~`ega
ILQSxÒXIYùÎ~`TKjf[Q¿\[T"K`MUOgfQPXYkSMUT"x,~`tuT\YILeRkuTji f[ù|~UtuT(y ¿d jf[eRf[KzifºxºTeSùµf[K@OmMUfMUkuKùIjT
Tü¿~UKNI[j~UORf[QP^
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦` Í  
¿OgQjT	~`tuTxuIL~`I  GI[MG~`ffÚeRI[KUøTs~`fqþWTM~`f[K`T"xÛORQziI[OgQziT"z,fKUaX  T	kSMTcx)f[kº~Uý
fLùÎýjf[K`T~`T"jNtuQSO kuTcM^PrskuT,~UfÛ~UtST,QILK`KUf   z{I[MUoºMsf[ùwfkuKAegOgùÎ~UORQuøMUjNtSTziT[XÒIY~	zifM~
~UtuK`TT	MUegOmjTcM  wT"KUT-kSMUT"x)MUOgz kue~NILQuT"f[kSMUeRa[^

	  
  ﬂ

Ö  Ö
µb(¡[¦N	¾cc¾ä
 
È;i`ssR¦¦éN"¦cÎÈºG¦N,(¦`£bN¦
2[`"¦WÆ@¤¾Ú1Æ@"	¦	 à

Æ@¤¾c[¿)ÎÆ@¾ÚèéØ¦(Æ2£cN¦`Gcq

ß à
ØÈu£LcÚU¾N	c»J
 
`N"N¥ÚÂ(»SÙcbL§|Â¾c[Ø
Å
£bN¦"`Aèé
×
ﬀNY`1§
¢
£c`¤¥"J2¦R"gL§
Å
"wÂ"N¦N
uf[KﬀOgøkuK`T	
 
X  wTëkSMUT"x ILQåORQ~UT"K`Ij1~UOR\[Të÷uK`f[øKUTcMUMUOg\T;MeROmjORQuø \¿OmMkILeROgßcIY~UORf[Q
~Uf¿f[eXMUTT 

(Xu~`f{ø[T"QuTKNIY~`TILQILK`þuOg~UKNILK`aÚjkº~U~UORQuøq÷uemILQSTA~UtuK`f[kuøtÛ~UtuTþSK`I[OgQxuIL~`I
MT~"^ ﬀOgøkuK`T 	
 
I sMtuf  Ms~`tuTqMeROmjT{IY~A~UtST,tSOgøtuT"M~KUTcMfegku~UORf[QPX ﬀOgøkuK`T 	
 
µþ sILùÎý
~UTKxuf  QSMUI[zi÷uegORQuø  O~`t 
 
MUkuþWxuOg\¿OmMORf[Q xºf  QMUI[z,÷SegORQuø,K`IL~UORf

<
1XSI[QSx éORø[kSKUT
	
 
j IYùÎ~`TKxºf  QMUI[z,÷SegORQuø  O~`t



MUkuþ|xºOR\OmMUOgfQ xºf  QSM`ILzi÷ueROgQuøiKNIY~`Ogf

< GILQSx
~UK`OgeROgQST"ILKvwýM÷SegORQuT  Ib\TeRT~NM^
$wf[zi÷SILK`T"xÚ~Uf éORø[kSKUT 	
 
µþ 1Xu~`tuTjf[Q~UfkuK`MfLù2~UtuTþuK`I[OgQ)ORQﬀOgøkuKUT 	
 
j I[KUT
zkSjNtMzif¿fL~`tuTKc^ﬀn;f[K`TfY\[T"K"XP~UtuTMUegOmjT=OgQ!ﬀOgøkuKUTﬂ	
 
j xºf¿T"M,Quf[~,fQuegajf[Q~`I[OgQ
OgQºùµfKUz{IL~UORf[Qæf[ù~`tuT{MeRORjT ORQ éORø[kSKUT	
 
Iþuku~	I[eRMUfÛfLù@~`tuT,ùµkuegegýKUTcMfegkº~`OgfQ:MUegOmjTcM
QuTü¿~(~`fqOg~"^WúûO~`tuf[kº~s~UtuT  Ib\TeRT~(Ib\TKNILø[ORQuøXuMfz,T xºT~NILORegTcx)OgQºùµfKUz{IL~UORf[QfLù~`tuT
QuTORø[t¿þWf[K`T"xÛMeRORjT"MGziORø[t~ø[T~eRfM~"^
éORø[kSKUT 		iMtSf  M-I[Q:OmMUfMUkuKùIjT ùµf[K-~UtST{\bI[egkST	 ÚTü¿~UKNI[j1~`T"x;ùµKUfz&~UtuT{M`ILziT
xuIY~NI,MUT~(IL~~UtuT	eRT\TePf[ù2xuT~`I[Oge  Og~Ut;xuf  QSMUI[zi÷uegORQuøiKNIY~UORf

ﬀ
^ﬀuf[K ﬀORø[kuK`T 		I1X
 wTkSMUT"x I 
 
ýMUkuþWxuOg\¿OmMORf[Q tuORTKNILKNjNt¿a  O~`tuf[kº~=kSMORQuø  GIb\[T"egT~`M"X2I[QSxÒXùµf[K ﬀOgø[ý
kuKUT 	.	 µþ 1X  TAjf[z þuOgQST"xÚ~UtuT



ýMkSþWxºOR\¿ORMUORf[QÛtuOgT"K`I[K`jNt¿a  Og~UtÛ~UK`OgeRORQuT"I[KGvwýM÷SegORQuT
 Ib\TeRT~`M"^ éORø[kSKUT 		µþ TüºtuORþuOg~`MizkjNt zif[K`TÛxuT~`I[OgeGORQºùµf[K`z{IY~`OgfQ~UtILQ!éORø[kSKUT
		 I  ^
Q éORø[kSKUT 	

X  wTI[÷u÷ueROgTcx	f[kSKÒ~UTcjNtuQuO  kST"MJ~UfQ¿kuziTK`OmjILeReRa-MUOgz kuemIY~UTcxAt¿a¿xuKUfºxºaý
QSILziOmjMGxuIY~NIu^u]GtuT	xuIL~`I,MT~ORM~`tuTAKUTcMkueg~GfLùﬀI [r MUORzkuemIY~`OgfQ=f[ùP~UtuT OmjNt~Uz a[TKUý
nT"MUtuo[fY\ëORQSM~NILþuOReRO~a ILQx ~UkuK`þukueRTQ~iziOüºORQuøæORQ I;MUtufºjNoë~UkuþWTÛTüº÷T"KUORziTQ~"X2MUTT
	

^ uf[KÚT"I[jNt\[T"K~`Tü f[ùAI!	
 .
 ÛM~`KUkSj~UkuK`T"xºýK`T"j~UORegORQuT"I[Kiø[K`ORx µfQuT)~UORziTæM~`T÷
jf[QMOmxºTK`T"xæf[QueRa 1XPI[Q:T"Q~`KUf÷¿a\bI[egkST,þWT~  TT"Q
 
I[QSx

!ÚORM	M~UfKUTcxÒ^Ò]GtuT Sø[kSKUT
Mtuf  M~UtuTsORMUfMUkuKUùI[jTjf[K`KUTcM÷Wf[QSxuOgQuøA~`f	~UtST\YILeRkuT

-Tü¿~UKNI[j~UTcx,ùµKUfz~`tuKUT"T(xºOgùÎý
ùµTK`TQ~eRT\[T"eRM@fLùÒKUTcMfegku~UORf[QifLùÒf[QST~UORziT(M~`T÷P^¿pøILORQPX  T(jfzi÷SILK`T"x ~UtSTKUTcMkSe~NM@fLù
~UtuT 
 
ýMkSþWxºOR\¿ORMUORf[QÚtSOgT"K`I[K`jNt¿a  O~`tuf[ku~ egTùÎ~(jfegkuziQ I[QSx  Og~Ut µK`Ogøt~jf[eRkuziQ 
~UK`OgeROgQST"ILKvwýM÷SegORQuT  Ib\TeRT~NMX¿÷SI[K~`ORI[egeRaÚjfzi÷ukº~UTcxÚfkº~ýfLùÎýjfKUT^
Í  Å

Å
N,`"¦Î»
$wf[QSMUORxuTK`OgQuø~UtuTATüuI[z,÷SegT-Mtuf  QÚOgQ éORø[kSKUT 	

X  tuT"QÚkSMUORQuø~`tuT  Ib\TeRT~I[÷ºý
÷uKUfI[jNtAeRf  GýK`T"MUf[eRkº~UORf[QA\¿OmMkSI[egORß"IL~UORf[QSMJMkqjT@~UfskuQSxºT"K`M~`I[QSx  tuT"KUT~`tuTw~UkuK`þukueRTQ~
z,OgüºOgQSø	~`I[o[T"M2÷SeRIjT[^ ufK@TüuILzi÷ueRT[X.éORø[kSKUT	

j MUtuf  MjeRT"I[KUeRa~`tuTþuORø  þukSþuþueRT 
KUOmMORQuøORQq~`tuT-z,OmxuxºeRT(f[ùP~UtSTsxuIL~`IMUT~c^º]GtuT(þukSþuþueRT-j"ILQqtSI[K`xuega,þTAMUTTQÚOgQ éORø[kSKUT
	

I  ^
 :òwï(õ ô ¿öòï 
ú:T@tIb\[T2OgQ~`KUfºxºkSjT"x
Þ
 
Mkuþ|xºOR\¿ORMUOgfQ	jf[z þuORQuT"x  Og~Ut|ý\bI[KUOmIY~`TvýMU÷uegORQuT  GIb\[T"egT~`M
ùµf[K |ýxºORz,T"QSMUOgfQSILeYz kue~`OgK`T"MUf[eRkº~`OgfQAxSIY~`IGK`T÷SKUTcMT"Q~NIY~`OgfQP^1d(OmMkILeROgßcIY~UORf[Q-fLùºþuORf[ziTcx¿ý
ORj"ILe|Ogz{I[ø[ORQuø xuIL~`I,ILQSxÚQ¿kuziTK`ORj"ILeRega{MUOgz kueRIL~UTcxqt¿aºxºKUfºxºa¿QSI[ziORj"MwxuIL~`ISXùµfKGTüuILz,ý
÷uegTX¿KUT kSOgK`TTqjOgT"Q~GziT~`tufºxuMf[ùJOmMfMkuKUùI[jTTü¿~`K`Ij1~UORf[QJ^.ufK~`tuOmMw÷SkuKU÷WfMUT[X¿I r
zkueg~UORKUTcMfegku~UORf[Q ùµK`I[z,T  wfKUo OmMqxºTcMORKNILþueRT[^úëT SKNM~qtIb\[TÛT"M~`ILþSegOmMtST"x I þuOR\bI[KUOgý
IY~UT výMU÷uegORQuT  GIb\[T"egT~(MUjNtuT"ziTAùµf[K
 
MUkuþ|xºOg\¿OmMORf[Q;I[QSx)tSIb\T	ø[TQSTKNILeROgß"T"x=O~s~UfqI
~UK`Og\YILK`OmIY~UTivwýMU÷ueROgQST  GIb\[T"egT~-M`jNtuTziT,ùµf[K



MUkuþWxuOg\¿OmMORf[QP^P]GtST,÷SKUfY\¿OmxºT"xæTüuILz,ý
÷uegTcMxºfºjkuziTQ~~`tuTq\YILeRkuTqf[ùf[kuKI[÷u÷uK`fIjNtæùµfK MUkuKùIjTqI[QSx \[fegkuziTqzifºxºT"egORQuø
ILQSx=\¿ORMUkSILeRORß"IY~`OgfQP^
vwa=kSMUOgQuø
Þ
 
MUkuþ|xºOg\¿OmMORf[QJXSORQSM~`T"Ix)fLùkSMUOgQuø  kSIx¿ýfKfºj1~UK`TTcMXWIizkueg~UORK`T"MUfLý
egkº~`OgfQætuORTKNILKNjNt¿aÛj"ILQ:þT,ø[T"QuTKNIY~`T"x)~`tSIY~	÷uK`fY\¿ORxºTcMz kSjNtæzif[K`TeRT\TemM-fLùwxºT~`I[OgeX
MORQSjTX2OgQT"IjNt MkSþWxºOR\¿ORMUORf[Q M~UT"÷PX2~UtST=Q¿kuz þT"K,f[ùs\TKU~UOmjT"M OmM fQueRaxºf[kuþSegTcxORQºý
M~`T"I[xæfLùzkueg~UOR÷ueROgTcx:þ¿a;I=ùI[j~UfK-f[ù@ùµf[kSK	f[KATORø[t~"X|K`T"MU÷Tcj1~`Og\TeRa[^|Qæ~`tuT{jfQ~`Tü¿~
fLùA\ORT GýxºT"÷T"QSxºTQ~qILQxIxuIL÷u~UOR\[T)KUTSQuT"z,T"Q~{I[QSx\¿ORMUkSILeRORß"IY~`OgfQPXﬀ~UtuOmMqjNtSI[K`Ij1ý
~UTK`OmM~`ORjqMUku÷u÷Wf[KU~`M ItuORø[tuT"KeRT\Tef[ùI[xuI[÷º~UOR\¿O~a^ ukSK~`tuTK`zif[K`T[X
Þ
 
MUkuþWxuOg\¿OmMORf[Q
xºf¿T"M QufL~if[QueRa  wfKUoëùµfK,M~UK`kSj1~`kuK`T"x¿ýKUTcj1~`OgeROgQST"ILK ø[K`ORxSMXﬀþukº~{ILemMfæùµf[K,zif[K`TÚø[T"Qºý
TKNILeSM~UK`kSj1~`kuK`T"x¿ýjkuK`\¿OgeRORQuT"I[Kø[K`ORxuM"XI[QSxiT\TQiùµfKILK`þuOg~UKNILK`aø[K`ORxSMXO^UT[^RX[ø[K`OmxuM  Og~Ut
Tü¿~UKNILfK`xºORQSI[KUai\[T"K~`ORjT"M"^
vwaAORQ~UTøK`IL~UORQuøsI  GIb\[TeRT~2MUjNtSTziTORQ~Ufs~UtuTMUkuþWxuOg\¿OmMORf[Q,IL÷u÷uK`fIjNtPX Tf[þº~NILORQPX
OgQ	øTQuT"K`I[eX1z kSjNtAþT~~UT"KéI[÷u÷uK`fbü¿ORz{IY~`OgfQSM|f[QAT"IjNtAegT"\[Te[fLùºxºT~NILORe^"ú:TtSIb\T@jNtufMUTQ
|ý\YILK`OmIY~UTsvýMU÷uegORQuT GIb\[T"egT~`MwILQSxitSIb\T(xºT"\[TeRf[÷WT"xqegOgùÎ~UORQuø M`jNtuT"z,TcMùµfK #

ILQSx
 # uX  tuORjNtkMTQILK`KUf   ziIMoºM"^]GtuTcMTQSILK`KUf   z{I[MUo¿M(ILeRegf   kSM(~Ufqkº~`OgeRORßT~`tuT
 Ib\TeRT~M`jNtuTziTùµfK\¿ORT GýxºT÷WTQSxuTQ~"X¿I[xuI[÷º~UOR\[T(zkueg~UORKUTcMfegku~UORf[Q{\¿ORMUkSI[egORß"IL~UORf[Q{fLù
eRI[KUøTýMUj"ILeRTsxuIL~`Iu^
]GtuT  GIb\[TeRT~	T"QSjfºxºORQuø;fQuega:KUT"f[K`øI[QuOgß"T"M	xuIL~`II[QSx xºf¿T"M	QSfL~K`T kuORKUTqIxuxºOgý
~UORf[QSI[eWziT"z,fKUa^º]GtuT
Þ
 
ýMkSþWxºOR\¿ORMUORf[Q=M`jNtuT"z,TAILemMUf xºf¿T"MQuf[~K`T kuORK`T(kSM~`f,M~UfKUT
I[xuxºOg~UORf[QILeujfQuQuTcj1~UOR\¿O~aOgQºùµfKUz{IL~UORf[QP^L]Gt¿kSM"XYf[kuK@I[÷u÷uK`fIjNtPXYI[MI  tuf[eRT[XYK`T kuORK`T"M
Quf{I[xuxºOg~UORf[QILePM~Uf[KNILøT[^
¿OgQjT~`tuT(z{I[MUoºM@f[ù|fkuKeROgùÎ~UORQuø M`jNtuTziTI[KUTf[ùPjf[QM~NILQ~wMUOgß"T(ILQSx,~`tuT(Q¿kuz þT"K
fLùOg~UT"K`IL~UORf[QSMsùµf[KAfkuKseROgùÎ~UORQuøMUjNtuT"ziT OmMAjf[QM~NILQ~"X|f[kSKAI[egøf[K`O~`tuz{M(K`kuQ:OgQëegORQuTcILK
~UORz,T  Og~Ut K`T"MU÷Tcj1~-~UfÛ~UtuTiQ¿kuz þT"K-f[ùwfKUORø[ORQSILe2xuIL~`Iu^ ¿ORQSjT ~`tuTiz{I[MUo¿MAI[KUT,QSILKUý
KUf   I[QSxfQuegaë~  fæOg~UT"K`IL~UORf[QSMiILK`TÚQSTT"xuT"xÒXﬀ~UtST=K`kuQºý~UORziTÛjf[QSM~`I[Q~NM I[KUTÛMz{I[ege^
$wf[QSMUORxuTK`OgQuøi~`tuTTüºI[zi÷uegTcMMUtuf  QPX  TjfQSjeRkSxºT	~`tSIY~sf[kuK(I[÷u÷uK`fIjNt=÷uK`fY\¿ORxuT"MI
\bI[egkILþueRTi~Uf¿f[eùµf[K	~`tuTÚORQ~UT"K`Ij1~UOR\[TiTü¿÷SegfK`IL~UORf[Q fLùG\[fegkuziT~UK`ORj{xuIL~`I;IL~zkueg~UOR÷ueRT
egT"\[TeÒf[ùﬀK`T"MUf[eRkº~`OgfQP^
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦` Í  
-ûõﬁﬀïò   éó	 ﬃ Jïwð 
   
* -

*
	
 00
-

3

$! 3
 
	'3

-
# 	
	 
 
# 
%
-

#$ 	3

-
#

#$
 

-
#)3

	  3
ﬀ
<Ul * !  *

&


*
	

$  3
 
-
 
3
  
	

 
 
#)3
 
 	ﬂ#$ﬀ
-ﬂﬁ
3
*
	
ﬃﬃ
	3 	 

3"!
 
	
	
 #
	'3

-
# 

$
ﬃ
%! 
0
-

	
/ 
#$
 

-
#)3

	  3&
ﬀﬀ
:`lUlﬂ8NV
 	#$d3
 
-
 
3
 
	3

-
# 	
	(' 	

3V#
    0
ﬁ -

,$
2
	ﬂ# 

$)
-
/ &
0
3 	'3

-
# 	
	 #
ﬁ

	

3
ﬃ
 3



'* ,+3
 -
	3

-
# 	
	#

3

3

3

-ﬂﬁ.

#)3 	
	/

	ﬂ	 3

	ﬂ#$ 3
 -
	3

-
# 	
	
 
 
# 

-

#$ 	3

-
#

#$
 

-
#)3

	  3


.
/
l
'
l'!
.
/
<!
ﬀ
68
&
!)<

l
+'3
 

ﬃ/

  
	


102

N
#$
 

-
#)3

	  31
0
ﬂ<8
ﬀ
:
&
.

& 
3'+ 	ﬂ#$ 3
 4
	
*

# 
" 
2
 /
-
4
	3

-
#	ﬂ	

	 
-

	'3
-



#$
 
5(
('
 
2

	
&
l
.
 /
-

	ﬂ#$
/

ﬂ  /1
#)3&6
 * 6ﬂ:6ﬂ:
	ﬂ#$

#$
 
.
 /
-

	ﬂ#$
/

ﬂ  /1
#)3&6
8'! 1V"8
ﬀ7
8 
	
	

-
	 

#
- *
	

$
ﬂ
3
 ﬃ00
-

3
-ﬂﬁ



 0
.
 
 
	 	

#
 
-

-
3



	ﬂ#$(95
7 8 
3

	ﬂ#

3
 F/1 / &

 ﬃ
-ﬂﬁ
3
 
!
 ﬃ
	
	
 #
	3

-
# 	#$9

	
0  

   
	



9

-
0
	3 3
 


#)3
 
ﬁ -


/
	

'

-

 
#

	ﬂ#$
#)3
 
	3

$:
-
/10
3

#

;3'< 	3F3
 >=
#

2
 
3 
-ﬂﬁ
 	
	

ﬁ -

#

	?
ﬃ
	
2
 
 	#$ 3
  /1 /

 
-ﬂﬁ
3
 
ﬃ
	'3 	@ 
 
# 

9

-
0
	3ﬁ3
 


#)3
 
ﬁ -


00
	
 
$A 
 
#)3
 
)
-
/10
3

#

;5$	'3d3
 "
	
*

# 

 
2
 /
-
)
	'3

-
# 	
	

	 
-

	3
-


7 8   0 


	ﬂ	 	  3

	ﬂ#

'
   &    /
-
6
 /1 
ﬁ -
ﬁ00
	 

#


*

3

	#
 /10
	
 /1
#)3 	3

-
#
-Bﬁ
3
 "C
l
&
 $

2
 
-
#
*
	
2

	

3
,7
 : JñﬁJï(õ 
V
7
.
	

3

#@6
 
3

	
/D7-EF(GIHKJMLON,PBQBG FRHKJ3QBSTEAQBU?NOG JKS(V1WXQBL4Y[Z,J3NOSHKJ \]Z_^[JMP,F*`BG JIaﬂ`
HMJ3QBSR7
'
 ﬃ
3
   

ﬃ &
0
	

3
/1
#)3
-ﬂﬁ

-
/10
3
 
 
 
# 


=
#

2
 
3 
-ﬂﬁ
	ﬂ	

ﬁ -

#

	%
ﬃ
	
2
 
*	ﬂ	

ﬁ -

#

	%
l'!ﬂ!ﬂ!
7
l
7
.
	

3

#b6
 
3

	
/

.
	
c

7dﬃ


	

#

	

56
 
#$b/ 	
/
	ﬂ##* 	ﬂ#$fe

##

3


7dg
-

7
6







 $

2
 
-
#
& ﬃ
ﬁ
	 

*
	
2

	

3

ﬁ -

	 	
ﬂ & 
 	
	
  
-

ﬁ
	 
 ﬃ 0 
#)3 	'3

-
# 	#$
2
 
	
	
 #
	'3

-
#
7
 #
 
-
/
	



3c	K6
 
#$@/ 	
/
	ﬂ##* 	ﬂ#$: 

3 	 

! 	


#




$

3
-
ﬃ
ih
LXQBZONON,UBJKS(V
P4QW)jkkkml]QBSn
WXN,LONOSoZON1QBSp^[JMP,F*`BG JIaﬂ`
HMJ3QBS_q(r?r?r

0
	
 
ﬂ:
ﬀXs

ﬀ
<
7


%


-
/10
3
 

-

 
3 )'
 

l!!ﬂ!
7

7
.
	

3

#>6
 
3

	
/

ﬃ
	ﬂ#
 
	

7t
	#



.
	


7Bﬃ


	

#

	

B

	

	
 uﬃ>7
/ 	ﬂ#
ﬃ
#B6
 
#$d/ 	
/
	ﬂ##*
	#$ve

##

3


7[g
-

7
8
	
2

	

3
 0 ﬃ
#)3 	'3

-
#
-ﬂﬁ

-
#)3
-
F
3
,7
 #
 
-
/
	



3c	K[e

##

3


7
g
-

 	#$_
/1
3 	 

! 	


#




$

3
-

h
LOQﬂZ,NONOUBJMS$VﬂPQWjkkkwl]QBSBWXNOLON,S[ZON:QBSx^[JMP,F*`BG JIaB`
HKJ3QBS
q(r?r?y

0
	
 
! 
s
1V"!
7


$


-
/10
3
 

-

 
3 -'
 

l'!ﬂ!V
7
*
7
' 	
-
	
-

 
#
-
#

	 	

$

-v. -
#)3 	ﬂ#



#


-
'
00
-
 	ﬂ#$

-

 
3
-
 
-
0 
#
-
7
.

	 3
  
-
	

3

-
#
/
-
$

	

#

	#$
2
 
	ﬂ	
 #
	3

-
#
-Bﬁ 2)-
	
/1
$ 	3 	
7zjkkk|{$LO`BSRPt`?ZtHMJ3QBSRPTQBS}^[JMP,F*`BG JIaﬂ`
HMJ<QBS~`BSoU
lQB)$FRH<N,L4LO`O$?J3ZOP



*

ﬂ8Ul
s
ﬂ<
ﬀ

V
ﬀﬂﬀ
6
7
8
7
]	 
 
3&
-


#	#$1 #

$
ﬃ
	





  ,7
-
#
 0
	

	 (	



$
 /1
#

-
# 	
	
*
	
2

	

3  	
 ,7[N,?RE`
H3
jOON,LOQﬂ`BN,LOJ3ZO`BS[`

ﬀ

V

8NV
s
V ﬂ6

V
ﬀﬂﬀ

7
<
7
 
-
/
	

9
 
3ﬃ#
 
	ﬂ#$


# 	3
-
' 	ﬂ 	

-
	 	
7
 
-
0
-
	
-


0  
2

#

	#$ 
-
#)3

-
	 	

$ 3
-
0
-
	
-


 / &
0
	

ﬁ


#
./d
	 3
 ﬃ 
-
	

3

-
#
 
-

ﬁ
	 
NOŁ
3

	  3

-
#
7
 #
 
-
/
	



3	Mﬂ6
 
#$>/ 	
/
	ﬂ## 	ﬂ#$1 

3 	 

! 	


#




$

3
-

Rh
LOQﬂZON,NOUBJMS$VﬂPQWjkkkl]QBSﬂWXN,LXN,S[Z,N>QBS^[JMPFo`BG JMaB`
HKJ3QBSq(r?r?r

0
	
 
lﬂ8
ﬀts
l<ﬂ<
7


$


-
/10
3
 

-

 
3 -'
 

l'!ﬂ!ﬂ!
7
6
7

-

 
3
-
9

-

-
	ﬂ#$D94

#)3

 
9
 
#
 ,7
/
  
	




 	
	
/1 

 
ﬁ -

2)-
	
/1
$	'3 	
7
 #@h
LOQﬂZ,NONOUBJMS$VﬂP
QW4l]j ?1`BSoQB%N,Lt>N,LO`BSR

V
ﬀﬂﬀ
:
7
:
7

-

 
3
-
9

-

-
o

 
3
-
0



 
 	#$
 
-
/
	



3c	
7
 
ﬁ/ 
	 3

	

2

	

#

3
ﬁ
	
 /1
#)3
/1
3

-
$
ﬁ -

	ﬂ$ 	
0
3

2
 /1 

-
0
3
 /1 #
	3

-
#	ﬂ#$
2
 
	
	
 #
	'3

-
#
-ﬂﬁ2)-
	
/1
$	'3 	
7
 #

7ﬂ
	

	 	#$>/
7
/ 	

#*

$

3
-

]h
LOQBZONONOUBJMS(V
P@QWjkkkwl]QBSBWXNOLON,S[ZONAQBSx^[JMP,F*`BG JIaﬂ`
HMJ<QBSy?%

0
	
 
V 8
s
V
*
l
7






-
/10
3
 

-

 
3 -'
 ﬃ

V
ﬀﬀ
6
7
ﬀ7
.#$
?
9
X#  
 	ﬂ#$

-

 
3i/
/1/1
	
7

Ł90
	
-

3

#

3

	ﬂ#
ﬂ
	 	3

$

ﬁ
	 
%OŁ
3

	  3

-
#

#

3

3

	
&


$

	ﬂ	F$


-
/10
-

3

-
#
7zjkkk{(LX`BS$PB`?ZXHKJ3QBSRPﬀQBS}^[JMP,F*`BG JIaﬂ`
HMJ<QBSz`BSoUflQB)$FRH<N,L]LO`O$?J<Z,P

V

*

`l:
s

*
l

V
ﬀﬂﬀ
8
7
V"!
7  
ﬁ
e
-


	 3
7
C

&
 $

2
 
-
#
7
 #ve

3d
ﬂ
	




$

3
-

h
LOQﬂZ,NONOUBJMS$VﬂPDQW"Y$jt>
h
wq(r?r?r


-
/10
3
 
9

	
0




'

-

 
$

#

u,##

	
	]
-
#
ﬁ
 
# 


   

0
	
 
V"! 
s
VUVl
7

.
]
.
'
 
+

.
%<99

'/d
l!!ﬂ!
7
V`V
7  
ﬁ
e
-
 

	 3
7
.

	 3
  
-
	

3

-
# 3



#
 5 O7
 #

	

#/
-



X
	ﬂ#$e
 /


$

3
-
ﬃ

1`BSoU
n
,QﬂQB4QW)l]QB1$FH3NOL5]J<U?N,U>N,QB@NXHKL,J<Z>NOPJMVﬂSR7

	
ﬃ
2
  
 
 
# 

'

(	
 


#

%
/1
3
 
$	
/

 

.
3

 
	 	ﬂ#$


l!ﬂ!`l
7
Vl
7gﬂ
	

#	ve
- 2
	?

2
,
 	ﬂ#$
8
 /

*

	 $

#
,7
8
	
2

	

3
ﬁ
	
/1
	
  
-Bﬁ

# 

	

#

-

$
  
# 	



3

	


$
 /1
#

-
#
,7jkkkx{(LX`BS$PB`?ZXHKJ3QBSRP-QBSj`tV(N
h
LOQﬂZON,P,PJMS$V

ﬀ



*
:'!
s
*
ﬀ
<

V
ﬀﬂﬀﬀ?7
V 
7gﬂ
	

#	"e
- 2
	?

2

	ﬂ#$
.
	

3

#@!

33
 
	
M75
-
#
 0
	

	 (	
ﬁ/ 
	 3

$
 /1
#

-
#	ﬂ	
0  
ﬁ

 3


-
#

3


&
3

-
#

	 3
 
 	ﬂ#
5
	#$
*
	
2

	

3  	
 
ﬁ -
1
Þ
7 jkkk}{$LO`BS$PB`?ZXHKJ3QBSRP:QBSﬀjSﬂWXQBLO`
HKJ3QBS {uRN,QBLO

:

l

8  
s
8ﬂ88

V
ﬀﬀ
l
7
V
*
7
	
ﬃ 
#

#*R! 	
	
 ﬃ
-
' 	



 


.
	
c

7[ﬃ


	

#

	

R6
 
#$:/ 	
/
	## 	#$:e

##

3


7og
-

7
/
  
	




 	
	
ﬃ 0 
#)3 	'3

-
#
-ﬂﬁ
3
 /1 &
2
	



#

2ﬂ-
	
/1
$	'3 	
*

3
¢¡
C
l

 $

2
 
-
#	ﬂ#$
5
	ﬂ$

	

#
&

	


&0
	

#

*
	
2

	

3
O7
 #
-
5
	 	 	

3X

/
 	#$/



$

3
-

uh
LOQﬂZ,NONOUBJMS$VﬂP)QW@{oN,S*HM
h
`?Z,J \]Z
lQBSﬂWXNOLON,S[ZON_QBS l]QB1$FH3NOL£LO`O$?J3Z,P£`BSoU£]?$G J3ZO`
HKJ3QBS$P£¤
h
`?ZOJ \]ZLO`O$?J3Z,P q(r?r
q
7






-
/10
3
 

-

 
3 -'
 ﬃ

l!!Nl
7
Í  Å

Å
N,`"¦Î»
V'8
7i7  00  
3O
.
7
/
7
9

-

 	ﬂ#$p
7
e
/
	##
7

-
/10 ﬃ
-
# $
-
/
	

#
2)-
	
/1 
#$
 
#

ﬁ -

$
 
3



3

$

#
2
 
-
#
/1
#)3
,7
 #h
LOQBZONONOUBJMS$VﬂPDQWDHMRNkF(LOQ,VﬂLO`O$?J3ZOP  %

2)-
	
/1
V *

0
	
  ﬀ
8
s
V !)6
7

0
.
'
=  
9

'/<
ﬁ -
/

V
ﬀﬂﬀ
6
7
V'<
7 
-
#T
7
.
	 t

	 
ﬂ
#"	ﬂ#$e

##

3


7g
-

7    &
ﬁ -
ﬃ/
$

ﬁ -
/
	'3

-
#

*

3

	 	33


 
-ﬂﬁ
	


 &
3

	

 3
-
0
-
	
-


7
 #:/
-
	 	 
   /1   


$

3
-

h
LOQﬂZON,NOUBJMS$VﬂP-QW"Y$jt>
h
 y?

[
-
/10
3
 
9

	
0  


'

-

 
$

#


,##

	
	$
-
#
ﬁ
 
# 


 ﬃ  

0
	
ﬂ 
V":1V
s
V'::
7
]
.
(
.
'
 
+
]
.
%<99

'/
V
ﬀﬂﬀ
<
7
V'6
7ﬃ
-
#	ﬂ	 $
.
	
    ,7
9

-
/1
3


/
-
$

	

#
D
#

-
 3
 

# 
-
$

#
%7 l]QB1$FRH<N,L LO`O$?J3ZOPA`BSoU
j`tV%N
h
LOQBZONOPP,JMS$V

V
ﬀ

Vl
ﬀts
V * 6

V
ﬀ
:Ul
7
V':
7g
-
 0 
.
7
.
	

 	 
 7]
-
 	
	 
 ﬃ
 3

-
#
O
#
 /1
#)3
ﬁ -


& /10
	



	
	
ﬂ
$
ﬂ
#
 
	3

$ 
ﬃ 

&
3

-
#
7YRj<>E(iYoZOJ3N,S*HMJ \Zl]QB1$FRHKJMS$V

V'<

l1V"!
s
lUlﬂ6

V
ﬀﬀ
8
7
V
ﬀ7


3
 

7
.
 
#

-
#/
7

-
 
#(6




7


3
 

8 
	 	

	
/
'
7(ﬃ
	ﬂ##

2
 
%,#$
 
.
7$ﬃ /1
3


.
	


7ﬃ


	

#

	


ﬃ>7  7 
	

	

-
#
ﬃ
	#
 
	
 7
 
  
-


7  7
,#$
 
-
#
ﬃ>7
/
7
'
-

3
 

	#$-' 	

	
 7 8
-5-
$
*
	

$
7
!
 

     
-
	

3

-
#
 /d
	 	3

-
#
-ﬂﬁ

-
/10 ﬃ
$	

3



	

# 

-
#
3
 


/ & 0U


3
 /D7
 #£ 	
	 	 /
-"*



$

3
-

h
LOQBZONONOUBJMS(V
PQW-YRFRN,LOZOQB1$FHMJMS$V  ?ﬂ7


i


-
/10
3
 

-

 
3 -'
 ﬃ

V
ﬀﬂﬀﬂﬀ7
l!
7
.
	

-
05
	 
 ﬂ 
	ﬂ#$
.
	

3

#
 /10
ﬁ
7
/
  
	


 
 	
	 	#$"	ﬂ$ 	
0
3

2

2
 ﬃ
	
	
 #
	3

-
#
-
# #
 
3

$

$
,7dl]QB1$FHMJKS(V

8
ﬀ

<ﬂ8
s
ﬂ:8

V
ﬀﬂﬀ
6
7
l1V
7
! 	
	
 
-
' 	



 
K7
(	
- *
ﬂ
- *

#
 
 $

2
 
-
# 



#	# $
 /1
#

-
#* 3
-"*
	

$
F /
- 2

#

3
 


-ﬂﬁ
$
 /1
#

-
# 	
	

3 
7
 #
H3Q`O?$NO`BL>JMS
h
LOQﬂZ,NONOUBJMS$VﬂP1QW>k&F$LOQV
LO`O$?J3ZOP>q(r?r
q
7

0
.
'
=  
9

'/<

-
/

l'!ﬂ!Nl
7
l`l
7
! 	
	
 
-
' 	



 

	#$>

	ﬂ#$

	B

3[6 	ﬂ 	B
7    /1


3

 	
		$	
0
3

2
]O
#
 /1
#)3 	ﬂ#$
/
-5-
3
 
#
%7
 #

-
 


	
*
 
	ﬂ#$
ﬃ
	ﬂ#
 
	%
-
 
#
& 0 


$

3
-
ﬃ
(h
LOQﬂZ,NONOUBJMS$VﬂP]QW]HKRN1lE	$jkkk ^*QBG F$N"^[JMP,FRn
`BG JIaﬂ`
HKJ3QBS `BS[UDLO`O$?J3Z,PYRﬂ)$QBP,JMF(zq(r?r?r
oY[`BG H
[`B%N1lJ;HK?iH<`B

0
	
ﬂ 
 
s
*
l
7

. +



l'!ﬂ!!
7
l 
7
! 	
	
 
-
' 	



 

	#$

	ﬂ#$	ﬂ	 	
g(7 
	ﬂ#
$7
9	
-
 	
	

3 	'3



#$
OŁ9
#

ﬁ -
.ﬃ
	ﬂ	
&
3
 /1ﬁOŁ90
	
-

	'3

-
#
-Bﬁ
2
 
D	 	
ﬂﬁ ﬂ
	 	
%ﬂ
$
O7
 #
Y$F?$NOLOZOQB1$FRHKJMS$VDq(r?r?yB7

.
R
.
'
ﬃ 

l!!V
7
l
*
7ﬃ/1
3

 '

#
5



ﬃ 
6
ﬃﬂ 
/

#



7



	 $

	ﬂ#$T6
 
#$/ 	
/
	ﬂ##
7
,#
-
 3
  &
	

$
/d
	 3
 ﬃ 
-
	

3

-
# 	
00
-
	 

00
-

3

#


#)3
 
	  3

2
dﬃ
#$
 ﬃ
#

-ﬂﬁ 2
 
:	 	
ﬂ
2ﬂ-
	
/1
$	'3 	

3
O7
#)/
7


	  #

	?

7


 	 

 

7
/

?
7
eF#
 

3O
6
7
e
- 2
	ﬂ	
 


(

.
7?  

>7
.

#
.
7
 	

ﬁ

	
#

g%7
 

*

#

	ﬂ#$ﬀ/
7
 
	 
 # 


$

3
-
ﬃ
h
LOQBZONONOUBJMS$VﬂPAQWAHMRNAq(r?r?y£jS*H3NOLOSo`
HKJ3QBS[`BG-l]QBSﬂWXN,LONOSoZON
QBSﬀjc`tVﬂJMS$V YoZOJ3N,S[ZONX5YR
POH<N,4PX1`BS[U{oNOZ,?S[QBGKQVﬂcljYRY{mq(r?r?yﬂ@^*QBG F(NAy

0
	
ﬂ 
V"<
s
l`l
7

-
/10
3
 
 
 
# 


 
	





$

 	'3

-
#ﬂ	#$>
00
	

 	'3

-
#

'
 

]
 ﬂ 3


#


9

-
ﬃ
	%
l'!ﬂ!1V
7
lﬂ8
7
/ 	

3
/ 
3"'

	

3
# 



8
-
	
ﬁ

	#

6
-


/
 	#$
.
	


-
' 	
	
#
#
7NaOJ3NOL`BSoU]nP$G JMS[NT{*NOZO(n
S$JOF*NOP7

0
#
ﬂ  &
!
 
	 	

(/
 
$

	 
 
$9
 ﬃ/
	#

l!!Nl
7
lﬂ<
7


 ﬃ/
	#
ﬃ>7

  /1
#



#
 
$
 
	#$

- *
 



#
7
8
	
2

	

3

	ﬂ#$
0 &
*
	
2

	

3

#:	
- *
$
 /1
#
&

-
#
,7ﬀ$QBF(LOSo`BGu]?$LOQﬂﬁ
JM`
HKJ3QBS {[RNOQBLO

6NV

V":
s
:

V
ﬀﬀ
l
7
lﬂ6
7

	ﬂ

X

	



	

	
 
	X?	$*

-
#

	

	K 	#$
g(7 
$
ﬃ



-

#


	 	
7
0
 3
  &
 	

$ $


 /
	3

-
#
-Bﬁ
/
	




#




 N
ﬁ
	 
 ,7
 #

-
#
$
	

	 	ﬂ#$9
 
-


.
7%, 
	

-
#

$

3
-

*h
LOQﬂZ,NONOUBJMS$VﬂP>QW
jkkk l]QBSBWtN,LONOSoZONQBS^[JMP,F*`BG JIaﬂ`
HMJ3QBSby?%

0
	
 
 ﬂ8
s

*
l
7


o


-
/10
3
 

-

 
3 
'
 

V
ﬀﬂﬀ
<
7
lﬂ:
7



g(7
93
-
	 	 #

3
#

 
-
#
ﬃ>7*ﬃ

-

 	ﬂ#$
ﬃ
	
2

$@/
7
 	
	
 ﬃ
#
7ﬃv`B%N,GKNXHKPWtQBLlQB)$FRH<N,L]LX`O$(n
J3Z,P >{[RNOQBLO`BS[U]?$G J3ZO`
HKJ3QBS$P,7
 

. -

	ﬂ#ve 	

ﬁ
/
	ﬂ##A
   
#A
-
/10
3
 
9

	
0




	ﬂ#$
9

-
/1
3


. -
$

	

#

o6

	ﬂ# 
7
6	
c
 
   d
$

3
-


. -
ﬃ
	ﬂ#Ae 	

ﬁ
/
	##:'

$	
 

 
[ 	ﬂ#

	ﬂ# 
 

-

=d7

7

7

V
ﬀﬀ
<
7
l
ﬀ7
8
 /

*

	 $

#
,7
 

	

ﬁ
3

#
,


 /1
X #

*
0


	
-

-
0



#

-

3

-

-
# 	
	
*
	
2

	

3 
-
#

3

 3

-
#
,7
#),#$

*
7?
	

#

	ﬂ#$
.



	

	
=
#
 


$

3
-
ﬃ

ﬃv`B%N,GKNXHo]?$G J<Z,`
HKJ3QBSRPJMS@Y$JMVﬂS[`BG[`BS[U1jc`tV%N
h
LOQBZONOPP,JMS$V-jjj

0
	
 
<ﬂ:
s
6
ﬀ?7
'

-

 
$

#
ﬂ
-ﬂﬁ
('

l8ﬂ<
ﬀ

V
ﬀﬂﬀ
8
7
!
7

5$
-
 
	

	ﬂ# 	







 /
e
*
	#
&;  
.
	?
g

-
ﬃ
.


 
6
 
#$T/ 	
/
	ﬂ##*	#$T

3

4g(7
0
	

-
#
7

 ﬂ/1
#)3 	3

-
# 	#$

$
2
 
	ﬂ	
 #
	'3

-
#
-Bﬁ

 

& 
-
	

3

-
#

/
	ﬂ# 

	

# 


-

 3

-
#
,7
 #

-

 
3
7


 	 

 
'


	
 0

7



#*
.
	33

9


-

#
g
-
#	'3

	ﬂ#T
7

-

 
3

 	ﬂ#$T

	
 
.
7
8

33

# 

#



$

3
-

&h
LXQBZONON,UBJKS(V
P4QW"Y
h
jk}^[JMP,F*`BG JIaB`
HKJ3QBSb`BSoU:>`
H<`So`BG 
PJMPq(r?r
q

0
	
 
88
s
<1V
7
'

-

 
$

#

-ﬂﬁ
%'

*
<<ﬂ8

l'!ﬂ!Nl
7
1V
7
9
  
3
=
533
 

-

2

#
7!ﬃv`B%N,GKNXHKPﬂY[QW,H#"]`BLXN@`BSoU]?$G J<Z,`
HKJ3QBSRP7
'

ﬃ
3

  
oe 	3

-
	
 X)=
#
 &
2
 ﬃ
3
 
3
  
2

#$6

	
ﬂ /

V
ﬀﬀﬂﬀ?7
`l
7  #
!

	

-
	ﬂ#$
ﬃ
#
 

-

#
7
*
&
:

 $

2
 
-
#
7 lQB)$FRH<N,Lﬀ]J<U?N,Um>NOQBNXHKLOJ3Zﬀ>NOPJIV
S

V":

8


ﬀ
6
s
*
l6

l!!V
7
 
7g
-

8
	
ﬃ
# 	#$£/

#
 
8
  /1 ,7YRF*OUBJMﬂJMP,J3QBSfEANtHMRQﬂUBP)WXQBL_>N,QB@NXHKL,J<Z:>NOPJMVﬂSR7
. -

	ﬂ#
e 	

ﬁ
/
	ﬂ##-'

(	
 

 ﬃ
R 	ﬂ#
 
	ﬂ# 
 

-

=d7

7

7

l!!Nl
7

*
7



$
  
8
 
3
 /
	ﬂ##*
  
ﬁ
e
-
 

	 3O 	ﬂ#$
 
-
/
	



3c	
7


	
	
&
3
 /1OŁ90
	
-

	'3

-
#
-ﬂﬁ
 ﬂ
	 	

2ﬂ-
	
/1
$	'3 	 	ﬂ$ 	
0
3

2
ﬁﬃ

-
#

3

 3

-
#
-Bﬁ
 
-

ﬁ
	 
 O7D{uRNv^[JMP,F*`BG]l]QB1$FRH<N,L

0
	
ﬂ 
V !ﬂ!
s
VUV`V

V
ﬀﬂﬀﬀ?7
ﬂ8
7
-
#



-

6 	
-
5
	ﬂ#:


# 	ﬂ#$@
 

7
e 	

ﬁ
/
	ﬂ#
7
.

	 3
 ﬃ 
-
	

3

-
#
3

3

	


$

	
	
ﬁ

	
/1
* -
c
ﬁ -

2
 
	ﬂ	
 # 
#
Fﬃ 
	 	

2ﬂ-
	
/1
$ 	3 	
7
 #

-
#
$
	
ﬂ
		ﬂ#$4/ 	ﬂ#

/ 	

#*

$

3
-

Rh
LOQﬂZON,NOUBJMS$VﬂPdQW
jkkk l]QBSBWtN,LONOSoZONQBS^[JMP,F*`BG JIaﬂ`
HMJ3QBSby?%

0
	
 
V ﬂ8
s
V
*
l
7


o


-
/10
3
 

-

 
3 
'
 

V
ﬀﬂﬀ
6
7
 `¾1¦Jc¦	w`NNY",Æ@¤¾

ß à ¡[Èu£L"i¿Ý)1£bN¦` Í 

	   

Ö! ¿Ö
 
`U¾N"¦|£L¿¦Ü1cq"PÈ["qA`1§|µcÈ"1i"

ß à ØÈu[£Lc
Æ@¤¾c2"qÎÈ¿PÆ@¤¾ èéØ¦@Æ1£bN¦`N»u
 
(U2N"N¥|Â»LÙWcc[§Âw¾"cØ
Å
£bN¦"NèJ"
×
"ﬀ`LU1§
¢
£b`¤¥J2"¦¤m[§
Å
cÂwcN¦N
 	   ﬂ

   $

Ö  SÖ 
YcY¥ qä
 
s¦"{"w¾Ys¥Y`Ø
×
N¾ìb£	"È¦¤¥Y§¿£L¿"¦ÜN1
ÈY¥(c[Î"`w`êL`c-gcå

ß à
ØÈu[£LcA¾`¾Y¥(Æ@¤¾cwÎ¦`RJN"¦	º|¿
Æ@¤¾)m"¾LN"¦	ºéèéØ¦GÆ1£b`¦Usµ[Æ@"	¦s"
à
¿
à
U»
